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Inaugu ral Address delivered by the 
Warden 

<The Very Rev. Dr. KiTCHtN, Dean of Durham), m First President 
of the Society. 

The first public meeting of a Society the name of which 
promiBoa much is the right moment for asking, What is the aim 
it sots before itself ? For philosophy is a term which has elastic 
edges, and may stretch over the whole realm of knowledge. The 
dilTicnlt paths of psychology, whether studied from the abstract 
or in the concrete, will cleturly be included : the laws of human 
thought, the olmervation of human acts, the enquiry into 
natural phenomeua; the application of knowledge to use, 
speculations as to the limits of human intelligence, the influ¬ 
ence of human passions, the regulation of all that can amuse 
and lighten life; here are a thousand topics for the investiga¬ 
tions of a philosophical society. It might almost seem as if this 
Society wore aiming at some conspectus of the progress of 
human knowledge and power, like a kind of committee of the 
yearly meeting of the ‘ British Association for the Advancement 
of Science.’ There ore ages which ore specially fitted for this 
work of review; and men who stand out in history as repre¬ 
sentatives of this task. These times and men come usually 
after a period of vigorous life or movement, and snm up 
results. We see a cydopedio turn in them; however much 
people may have preached that perfection lies in limitations, 




6 


and that the man who studies a frog or a beetle, or who masters 
one language, or is skilful as an artist in some branch of 
beautiful work, is the wise man, stiQ the human mind yearns 
after generalisations, and wishes to rise to some height'from 
which to take a bird^s-eye view of knowledge and correlate its 
several parts. 

It was when the brilliant age of Greek thought was over 
that Aristotle undertook such a task os this Were we to shut 
our eyes to history, we should find ourselves guessing that he 
was mapping out the field for a great advance, and saying that 
his treatises were the starting-point of successive triumphs 
in the world of thought, of action, of material knowledge. Bnt 
we know that this was not so-^that the master mind was too 
bite for his country men, and had far less effect on them thui be 
has since had in both the tliinking world of the schoolmen and 
in the active world of our day. It may l»e that Aristotle, of so 
great and commanding a genius, fell short of influence through 
the absence of imagination and of what we may term the 
spiritual side of his nature. Perhajis a similar barrenness of 
resnlt befell bis splendid successor, after many oentnrios, St. 
Thomas Aquinas. 

Another encyclopeedio mind, which has rather won the 
fugitive glonea (rf the orator than those of the philosopher, was 
Oioero, who in his smooth expanded style traversed the whole 
realm of learning of his time, he, too, showing therewith a sad 
lack of poetical spirit. One might easily draw a parallel 
between him and our English thinker, Lord Vemlam of St. 
Albans. For Cicero and Bacon were singularly alike in oironm- 
stanoe, though divided by a surprising chasm of differenoea. 

Cioelro came after the closing efforts of the dying Greek 
Bohools. He was, above all things, an eclectic; the Greeks had 
the teaching of him, the Greeks of the decadence. As a young 
man he had been under the influence of the Bpicureans in the 
person of Phsedms of Athens, he studied the developments of 
the new academy under Philo Hhe aoademic,' be learnt the 
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principles of Stoicifim nader Diodotna, who lived in Cicero's 
honse, and exercised very great inflnenoe on his plastic mind; 
hence he drew such philowphy as ho adorned with the perfect 
Latin of polite life. The varions schools of the philosophers 
had ceased to have active force; Cicero was free to make his own 
smooth system out of them ; wherefore he was a great lawyer, 
a still greater orator, and no philosopher, and when he tonched 
politics it was only to his scathe. 

Bacon, too, came at the close of a period of growth and 
awakenmont; the air was fell of theological and apecnlative move¬ 
ment. Ho, too, was eclectic, with this difference, that, unlike 
the others, he saw that there was a vast future before the human 
mind, and that new methods were needed for them. This was 
the great difference for my lord of Yomlam. In matter of legal 
knowledge, of dabbling in politics, in the enquiring mind, he 
was on a level with Oicero: if Cioero was besmirched with 
vanity and weak ambition, Bacon could bow a subservient head 
before the pedant of the north. If Cioero was crushed between 
the rolling wheels of greater men. Bacon was content to rise 
humbly by the favour of the first Stewart king. Here, however, 
the parallel ends; for, while Oicero left behind him nothing 
which had in it the germ of any future advance, and his works, 
after the Latin manner, are pale reflexes of the greater literature 
of the Greeks, Baoou, on the other hand, recognised and seised 
on those principles which had in them true life, which were 
destined to affect the destinies of ages to come. In other words, 
Bacon, though he reckoned np and appreciated the systems of 
the past, did not thereby become an eclectic. He was far more 
than that. A balancing system, which, by rubbing off all 
comers and deadening all startling oolonrs, reduces half a doaep 
systems of life or of thought to one hannonious whole, is the 
triumph of the eclectio mind. It is to soienoe what those .schemes 
of religion aim at, when they nnooth away all salient points 
and crush out independence, and make men think they are agreed 
because their beliefs are colourless. Neither in religion nor in 
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flcienoe to saoh unity worth much. B&oon Bought out no Buch 
balanomg Bcheme. Falling in with the temper of his time, he 
tried oonBoioutdy to lay the foundatiouB of a new palace of know¬ 
ledge. Cardan had, in the latter part of the preceding century, 
developed mathematicB by working out the system of symboto 
which we Btill use in algebra. These were to mathematics what 
letters wore to thought generally ; and the new logic of Bacon, 
the inductive organism which be worked out with great care, was 
intended to be jnst such another language for the fields of 
disoovtiry in nature. I know no more intere«tmg pioCe of anto- 
biography than that in which in his old age he says, ‘ Indeed I 
remember me, some forty years ago, having written a youthful 
work on these matters, which with great self-confidence and with 
a high-sounding title I called Temporto Partus Maximus.*'' 
And this was the old man's colder judgments on hto own 
youthful ambition. But though old age might have cooled him, 
no less was the audacity of youth of true service to him. This 
* mightiest birth of the ages' was iu reality the germ of hto 
great work, a scheme for the interpretation of nature by the 
new method of induction rightly treated. For it was a method 
which seemed likely to pluc^ all nature before the eyes of men ; 
and set enquirers on useful instead of useless speculation and 
enquiry. It to true that Bacon never thoroughly worked out 
his plan. The * Great Bostauration,' of which the ‘Novum 
Organnm,' though incomplete, to the most solid part, was not 
fully carried out. It remains to a great extent a splendid 
suggestion ; and to the germ of all the infinite patient work of 
those who since his day have dedicated their lives to enquiring 
into and interpreting the world around ns. It set mankind on 
the road ; and now, itfter nei^ly three centuries, Bacxm'a wise 
efforts are bearing infinite fruits. ^ The story which (“ Novum 
Organum," i., 86) be applies to the Alchemists, of the old man 
who bequeathed to his sons a treasure of gold, hid in hto vine¬ 
yard,' without saying so that the sons dug the whole 

#8arfao6 up and so gave it the impetus which brought th e m back 
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a bag of gold from the qniokened prodnoe, this fable ^ applies iD 
no aniftl l measure to himself.’ He set mankind a-digging in 
the fruitful soil, and brought them health and a rich plenty of 
fruit. 

It seems to me that sooiotics like this which we are launch¬ 
ing to-night have a very wholesome use in enr^istering some 
part of the work done and regions won. It is philosophical; 
neither physiological nor psychological, neither contemplative 
nor active, bnt a company of ‘Lovers of Wisdom,* who will 
humbly and bravely build on the firm foundations already laid 
down by long and patient enquiry and invention, and will live 
in hope that we too, like Bacon, may in the upper storeys build 
our glass houses, that therein, with the blessing of God’s sun 
and light, all beautiful things may grow and bear fruit. 

The author of the thoughtful and very valuable contribution 
to the study of religion which has been published this year is 
here to-night with an account of science as it shows itself 
among savages. It is well to begin at the beginning. At any 
rate we shall not bo so likely to lose ourselves as in the bewilder¬ 
ing speoulatiouB of the ‘Bein’ and ‘Nichtsein,’ tlie ‘Jeh’ and 
the ‘ Nicht Ich ’: the doubt as to existence ; the difficulty of 
placing the vov of human knowledge and life. We may 
learn that, as knowledge grows, light also grows ; and that our 
efforts have a definite and wholesome aim, in the rise of human 
life, in the bettering of human character, in the solution of some 
at least of the problems which ore still reducing society almost 
to despair. At least, wo shall be oonsoious that Qod has made 
ns intelligent atoms in the world, and shall be strengthened to 
live up to our task, and to do our duty in His sight. 
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Savage Science. 

By F. B. Jevous, M A., D.litt. 

[Read December 3rd, 1890.] 

I hope that this hastily written essay will not be taken as 
giving the measure of my respect for the Darham University 
Philosophical Society. I wonld gladly have bestowed upon it 
the labonr necessary to make it worthy of being read before 
the Society, but it was impossible to do so in the short space of 
throe weeks in the midst of the work and distractions of term 
time. I suppose, if I had liad any proper modesty, I should 
have declined the invitation to nnid an essay, when 1 found that 1 
had not the time to write one pro|)crly. But in the some way 
all the members of the S^iety might have made the same 
excuse, and it would liave been a bad beginning, if one member 
after another had begun to make cxcasc and decline to do his 
duty. Besides, to bo quite frank, T was proud of being asked 
to road the first paper* and was not going to be so ungrateful 
for the compliment as to decline the honour. 

' When I b^^an to cast about for a subject, I remembered 
that at the first meeting held by the promoters of this Society, 
the Ohairman suggested, and the meeting welcomed the sugges¬ 
tion, that the term sdence should be interpreted not so as to 
mean the physical sciences alone, but so as to inclnda the less 
exact sciences, such as anthropology and folk-lore. I thought 
therefore that something in the way of anthropology might be 
wdoome to workers in other fields of soienoo. At the same 
time it seemed that a sdentifio Society might very well in its 
first meeting begin at the beginning and consider what was the 
origin and early history of science. And, accordingly, I propose 
in the first place to lay before yon to-night what anthropology 
and folk-lore have to say as to the sdentifio ideas of primitive 
man, in a word as to Savage Sdence. Wo shall then be able 
to oonsider what, if any, is the difference between savage and 
dviliaed sdence. And then we may oondnde in a way worthy 
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of a philoBophioal Society by dtsctufting what ia the philoBophio 
baaie of scienoe—savage or civilued. 

In this place and lu ihiB Society it is not necessary—indeed 
it would bo a piece of prosnmption—for mo to insist that 
uvolntion is universal and that the law of continuity operates 
everywhere. I only wish to point out that if everything is 
subject to these laws, then science itself must also be subject to 
them: science like other things has been evolved, and the law 
of continuity holds go<Kl not only in Hcience hut of science As 
the higher forms of life have been evolved out of the lower, 
man from the ascidian, by a continuous chain of indistinguish¬ 
able intermediate forms, so the science of to-day has been 
gradually evolved out of the science of the savage ; the one is 
continuous with the other and shades off imperceptibly into it. 
‘The assured triumphs of modem science are linked to the 
despised speculations of the savage by a chain which may be 
ignored but cannot be snapped.* 

Every evolutionist of course will bo prepared, on a pnon 
grounds, to find that this is so. What anthropology and folk¬ 
lore do is to prove that it is actually the case—that Hhe 
foundation, the principle, and the methods of savage logic ahd 
scientific logic are identical.* The foundation of modem science 
is the behef in the uniformity of nature, the lielief that is, that 
what lias once happened will happen again in similar circnm- 
stancea—for instance that a cause will always produce its effect, 
in the absence, of course, of counteracting causes. But this 
belief is quite ‘as strong in primitive man as in the modem 
9/want; and the savage not only expects a cause to produce 
its effect, but also holds with Mill that a single instance of the 
production of a phenomenon by a given antecedent is enough to 
warrant the belief that it will always tend to be produced by 
the ontocedent. Thus “the king of the Koussa Kaffirs*’ having 
broken off a piece of a stranded anchor died soon afterwards; 
upon which all the Kaffirs looked upon the anchor as alive and 
saluted it respectfully whenever they passed near it.* What 
has onoe happened, you see, may happen again—the anchor had 
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killed one mao and might kill another. A single instance waf 
quite enough for the Kaffirs—^just as it is held by the modem 
man of soienoe that one undoubted case of causation is sufficient 
to base a general conclusion on. 

Wherein, then, lies the error in this piece of savage science ? 
The king's death undoubtedly had a cause. So far the savage 
was right. And whatever caused the king's death would 
certainly in the same circumstances cause any other man's 
death. There again the savage was right. The error oonsisted 
in selecting the wrong cause: it consisted in jumping to the 
conclusion that the molestation of the anchor was the cause of 
the king's death It seems, then, that the foundation of savage 
logic is quite correct and is identical with that of scientific 
I(^c; but it is in the application of this fundamental principle 
that the savage man of science goes wrong. The advance, then, 
which the modem man of science has made appears from this 
to consist in the fact that he has invented methods whereby to 
distiuguisb the antecedent which does produce the effect and is 
reidly the cause from other antecedents which have nothing 
whatever to do with the case. Now, there certainly are sneh 
methods. They are commonly known as Mill's Methods, 
because J. S. Mill was the first to formulate them—or as the 
Four Inductive Methods, because there are five of them. And 
the modem man of science certainly does nse them *to dis- 
tingnish the antecedent, which is the cause from the other 
antecedents which have nothing to do with the effect under 
investigation.' Bat —so doss the savof/s. There is not the 
slightest difference between savage spienoe and civilised science 
in that respect. This, however, is a statement which it is 
necessary that I should prove. I will, therefore, at the risk of 
being tedious, take each of the inductive methods in turn and 
give instanoes of its employment by savages. 

The first is that which is known as the Method of Agreement. 
You wish to ascertain the cause of some phenomenon, so yon 
carefully somtinise it whenever it oconrs, and yon notice that 
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there ie one particular antecedent present every time it occurs^ 
so yon infer that that particular antecedent is the oanse of tha 
phenomenon. Thus the aurora borealis is always accompanied 
by considerable magnetic disturbances; and the inference is 
that they have something to do with causing it—all the 
instances of the occurrence of the aurora borealis are in agree¬ 
ment in that one point, vis., the presence of magnetic 
disturbances. But now the Peruvian mountameers in the time 
of the Incas, when they descended from their healthy monntam 
tops into the unhealthy vaHeys of the coast were seised by a 
particular kind of sickness ; and they cast about to discover the 
cause and they used the Method of Agreement. They observed 
that it was only when they were within sight of the sea that 
they were thus afflicted, and they soientihcally inferred that the 
oanse of the sickness was the supernatural power of the sea— 
that was the only antecedent uni|ormly present on all occasions 
of that particular illness, and, tlierefore, being the one point in 
which all cases agreed, it was by the Method of Agreement the 
canse of the illness. 

But you will say everybody knows that the Method of 
Agreement is not a safe one—the books on logic warn you that 
it is not oonolnsive and is often misleading. If you want to be 
quite sure that you have hit on the right cause, you must use 
the Method of Difference. Very well then, let us try the Method 
of DiffSerenoe. It is this: if into a set of known conditions you 
introdnoe a new antecedent, and immediately a new effect 
emerges, the new antecedent is the cause of the new effect—the 
only diffiarenoe introduced must be the cause of the only differ¬ 
ence that ensoes. ‘A bnllet is fired from a gun or a dose of 
pruBsio acid is administered and an animal instantly falls dead.* 
The inference is that the new effect, vis., death, is due to the 
new oironniBtanoe introduced, vis., the gon-sbot wound or the 
dose of poison. By means of an ingenious apparatus Professor 
Tyndall contrived to introduce motion into a tube of oold water 
nntil the water was converted into steam, and the inference 
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again was that the heat was dne to the motion. In exactly the 
same way the method of difference *iB employed by the Dnsana 
in Borneo who, according to Mr. Hatton, ‘‘attribute anything— 
whether good or bad, Incky or nnlncky—that happens to them 
to something novel which has arrived in their country. For 
instance, my living in Kindram has caused the intensely hot 
weather we have experienced of late.''' 

The method of Concomitant Variations plays a still larger 
part in savage science. According to this method, things 
which vary together are causally related to one another, or vtee 
things which are related together vary together. Thns 
the lise of the cerebrum, and the intelligence of an animal vary 
together, and the degree of intelligence, and the size of the 
cerebrum are accordingly supposed to be causally connected. 
The more friction a moving body encounters, the sooner it is 
brought to rest, and vtes versa the more friction is reduced the 
longer the body moves—whence the inference that friction is the 
sole cause of the retardation of its motion. Another instance is 
aflTorded by the action of the moon upon the tides. Bnt 
primitive man observed that the tides were not the only things 
on the earth which varied concomitantly with the moon. As 
the moon waxes so the crops grow: the two things vary 
t(^ther, and the savage accordingly infers that the moon 
exeroiBOS a cansal influence on the growth of the plant. The 
seed therefore must be sown at the new moon, and then as the 
moon grows larger, so the plant will grow and increase. In the 
same way, you riiould count your money, when yon first see the 
new moon, for then it will increase as the moon does; and you 
shonld never pick iqpplea when the moon is full and about to 
wane, for then as the moon decreases so the apples will shrivet 
And I learn from the British Apollo 

That when the moon *■ in her increase. 

If ooms be out they’ll gtoir opooe; 

But if yon always do take core 
After the full yonr oorni to pore, 

Th^ do insensibly decay 

And will in tune wear quite away. 
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Again, a foot and a foot-print ore obvioofllj oansally related 
and vary together. What affects the cme will affect the other. 
Hence injury to one will injnre the other, so the Aostralian 
aborigines bury sharp fragments of quarts, glass, bone or 
^arooal in the foot-prints of their enemy. In 1852 in Grafton 
County, New Hampshire, a knitting needle was stuck into the 
foot-marks of a reputed witch, in order to fasten the witch in 
her tracks. Elsewhere in the States an awl is prescribed. In 
the Alleghanies they recommend a nail from the coffin wherein 
a corpse has decayed to be driven with three blows into u thiors 
track—it will prodnoe the same effect as if it entered the 
robber's foot. But you are cautioned to tie a string round the 
nairs head, so that it can be drawn out when requisite ; else the 
man will die. Again, much the same relation that exists 
between a foot and a foot-print exists also between a man and 
his likeness; and by injuring the one you can inflict pain on 
the other—hence the witch could torture her victim by roosting 
or wounding a waxen image of him. It is therefore a very 
reasonable precaution on the part of the savage to decline to be 
aketohed or photographed—if he consented, he would place 
himself in the power of the possessor of his likeness and might 
have reason to repent it. Thns, according to the 
newspaper, ^when Dr. Oatat ami his companions were exploring 
the Bara country on the west coast of Madagascar the people 
suddenly became hostile. On the previous day the travellers, 
not without difficulty, had photographed the royal family, and 
now found themselves accused of taking the souls of the natives 
with the object of selling them when they returned to France. 
Denial was of no avail; following the custom of the Malagasays, 
they were compelled to catch the souls, which were then put 
into a basket, and ordered by Dr. Oatat to return to their 
respective owners.' Again the name of a man is the counter¬ 
part in speech of the man himself; and so the relation between 
them is established, which is necessary to bring the Method 
4 }f Concomitant Yariations into play. On this principle, savages 
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freqnentlj keep their names a profound secret, and the safety 
and inviolability of the city of Rome depended on the secrecy 
observed as to the name of its tutelary deity. On the other 
hand, if yon wished to commend yourself to the protection of 
gome particular deity, you could effect your purpose by msorib- 
in^ your name on the walls of his temple, or on his *image, thus 
placing yourself perpetually under his safefpiard. It is to this 
practioe that we owe the ]ire8ervation of one of the earhest of 
Greek inscriptions, in the temple of Abu Simbel on the Nile. 
And it is to a survival of this jiractice that we owe the dis¬ 
figurement of many ancient monuments, carved Avith the names 
of tourists. That the mere ntteranc*G of a uumo brings you into 
some sort of communion with the person named is evidenced by 
the satisfaction with which the lover dwells a]>on the name of 
his Rosalind: 

From tho eut to woiitom Ind, 

No jewel U like Koaoliiid. 

Her worth being niuunted oit the wind, 

Through all the wtirhl beiWH Hoeahiid, 

All the pictures faireet lined 
Are hut black to Roealind, 

Let no foiT he kept m muid 
Hut tho fair of BoealmcL / 

If the name of a man may, in the possession of on enemy, 
be made the moans of injuring him, much more may mutual 
parts of him, such as uail-parings, hair-chppings, teeth, etc. 
Hence tho care which is taken all over the world to dispose of 
these exuvim in such a manner that they may not fall into the 
hands of on enemy. Bat I must not weary yon with instances. 
I will only say that if you are inclined to smile at the obvioof 
folly and puerility with which savage science applies the 
Method of Concomitant Variations, you should remember that 
the weather is still supposed by educated people to vary with 
the changes of the moon; and that as to the influence of her 
phases on vegetation and advisability of sowing on a 
waxing moon, ths founder of inductive logio^ Bacon himself, 

a 
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Ibonght there was sonoethiiig in it: videintis enim iu planta- 
tionibua ot inaitionibna aetatnm Itmae observationeB non caae 
omnino res frivolas {Tk AugmentU Saentutrum^ iii. 4). So 
thin are tlic partitions between savage and scientiflc logic. 

One of the mightiest instruments of modem science ia 
hTpothesiSy hnd it was of equally groat service in primitive 
specnlatiou. A hyiKithesis is defined by Mill as * any supposi¬ 
tion which wo make in order to endeavour to deduce from it 
conclusions in accordance with facts which are known to be 
real.' This Is exactly and precisely what the savage does. 
But whereas the snpiKisitions of the ^nrtnH are called 
hypotheses^ those of the savage are callod myths. Thus when 
it is sought to account for the obseiwod facts that the moon 
periodically decreases in size, and that her appoarau(*e in the 
sky is the signal for the departure of the sun, a savage 
hypothesis accounting for the facts is that sun and moon are 
buBbond and wife who have quarrelled and separatedy and avoid 
each other ; periodically, however, the moon makes overtnrcB of 
reconciliation, and waxes ronnd and portly with ho|)e, and 
periodically wastCB away again lieforo our very eyes iu grief at 
their rejection. Or the observed facts of thunderstorms nro 
accounted for on the supi>oBition that a jar of ruin is carried by 
one spirit, and is smashed by the mace of another—whence the 
crash of the thunder and the descent of the ram. 

Again, many savages—anticipating the theory of evolution 
—^liold that they ore descended from animals; and then tliey 
have to explain how it is that they themselves are hmuou in 
form, whereas their ancestors were animal. They account for 
the chmige by various hypotheses. ‘ Thns the Turtle Clan of 
the Iroquois are descended from a fat turtle, which,' burdened by 
the weight of its shell in walking, contrived by great exertions 
to throw it off, and thereafter gradually develop^ into a mon.^ 
Again, ^ the Oray*fish Clan of the Clioctaw Indians were origin¬ 
ally cray-fish and lived underground, coining up oooasionally 
through the mud to the surface. Onoe a party of Ohoctawa 
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gmokcd them out, and, treatiiij' them kindly, tanght them th& 
Ohoctaw language, taught them to walk on tw'o legs, made them 
cut of! their toe-noiln and pluck the hair from their bodies, 
after which they adopted them into their tnbe. But the rest 
of their kindred, the cray-fiah, are Btill living underground/ 
The Cofiari Indians, who live to the Booth of Quito, arc 
descended from a parrot; and this is how they account for 
it:—There were once two brothers whose ’ pro\dMon8 were 
exhausted; ‘ the herbs and roots which they were able to 
collect sctiroely sufficed for their sustenance, and hunger sorely 
pressed them, until two parrots entered their but in their 
absence and prepared them a meal of cooked maize, together 
with a supply of the femijcnted liquor, which is made by 
steeping it m water. This happened day by day, until at 
length one of the birds was made captive by the brothers. 
When thus captured, it changed into a beautiful woman, from 
whom the brothers obtained the maize seed and learned the art 
of cultivating it, and who ultimately became the ancestors of 
the Oaflari nation.' 

Here, then, I take leave of folk-lore and turn to philosophy, 
to the question, What philosophic liasis has science ? And I 
do not know how better to do so, than to ask, has modem 
science any better basis than savage science had ? Because if 
it has not, wo must lie pre|)ared to admit that in all probability 
our remote descendants will be just as much amused at the 
notion of man's being descended from an ape-like ancestor, bh 
we arc at the idea of the Choctaws being descended from a 
Cray-fish ; and future generations may consider the liypoth^s 
of evolution as baseless as we consider the myths of our savage 
anoostors. 

Now, to me it seems that.modern science has no other 
basis tlian savage science had—both are built on the same 
foundations and by means of the same instrumonts of thought. 
On the theory of evolution, we must believe that modem 
solenoe has been evolved out of savage soienoe; and the law of 
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<Mn)tinaity forbids ns to l)elie\'e that we can draw any hard and 
fast line between the two. To imagine that the modern man of 
science has any logical methods nnkuown to his savage prede- 
oessor, is, as I have already endeavoured to show, a belief that 
JB not warranted by the facts: all the indnetivo methods are 
acted on by the savage, and there is notliing strange in that, 
for they only state explicitly tlie ways in wliich men actnally do 
think and reason, and—so great is ilic amount of human 
nature in man-men think m pretty mncli the same way all 
over the world. 

But all this will not shako your faith in modem science. 
You will still believe tliat the law of gravitation is true, and 
that the a])))earauoe of a foreigner cannot really be the cause of 
a hcat-wiue as is lielievcd in Borneo, or give all the inhabitants 
cold, as is liclieved, in this United Kingdom, by the people of 
8t. Hilda's. Then, what, I must ask, is the difTcrence between 
primitive and modem science? Tliere can, I apprehend, bo 
but one answer to that question. It is that modem science 
builds upon experience—relies upon facts. If we refuse to 
believe that a stranded anchor killed the King of the Koussas, it 
is simply because anchors, as a matter of fact, do not cause 
death in that way. If we believe that having our portraits 
taken does us no harm, it is because we have tried it, and know 
by experience that the operation is not followed by fatal results. 
It is in this way tliat the erroneous notions and false hypotheses 
of savage scienoo have slowly been found out to be false, and 
thus by a gradual process has knowledge been continually 
dariRed* and modem science been evolved out of primitive 
error. 

Well I I doubt whether that has l>eon the actual process. 
Pre-oonceived ideas are not easily eradicated—even by the 
evidence of the senses. Thus, I am given to understand that 
the experiments oondacted by demonstrators and tecturers— 
and even professors—do not always come off os foretold by the 
professor. But I also understand that this does not, in the 
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least, shake the faith of tliu Btudent: he still Itclieves that the 
given causes do rpully produce the stated effect, but that some 
accident occurred, or the professor's usual skill deserted him, 
and hence the unexpected result. Now, the mental attitude of 
the savage student of science is exactly the same as that of the 
matriculated member of the Unnorsity; if driving nails into 
his enemy's foot-prints does not cause him an injury, it is 
because he did not (lri\ e them in at the right time, or in the 
right way, or else his eneni} was protcckd by some more 
powerful medicine, or a thousand other things—but lie never 
draws the right inference, lie iie\er learns to correct his 
hypoUioflos by the facta of (experience. Even when the real 
scientific explanation is put before him and carefully explained 
to him, ho is impervious to it. Thus when Colonel Ellis was 
trying to explain to a West African negro the scientific theory 
of the production of rain, by the evaporation of moisture and so 
on, he was at once mot by the contemptuous remark: ‘ Who 
ever saw water go up ? It always comes down.* Pre-coneoived 
ideas, 1 repeat, are not easily eradicated, even by the evidence 
of the senses, just os formed habits are not eradicated even by 
experience of their evil consequences. 

That facts of experience do not automatically correct tlie 
errors of theory can easily be proved. We arc certain that the 
laws of nature were the same in the time of primitive man as in 
our day, that the sun rose and set, and the stars moved in their 
oourses in much the some way then as now. In a word, tho 
actoal facts were the same for jirimitive man as for the modern 
navant; and, if facts can automatically correct false notions, 
why did they not do so ? Nay ! we need not go back to pre¬ 
historic tunes for orgnment. At the present day, tho tmihs of 
science are just as true of what happens in the Heart of Africa 
as of what happens in the Oollego of Science ; and, once more, 
if it is the foots of experience which have antomatically weeded 
ont faJse hypotheses in the past, why do they not teach the 
inhabitant of Africa the error of his ways P Perhaps yon will 
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say that the facta are not the aamo for the savage and the 
tiavant^ that the savage has no telescopes, and microscopes, no 
chemical or mechanical apparatos. Bnt no elaborate apparatus 
is needed to show tliat sticking pins into a man's image does 
him no injury, that nails may be driven into his foot-prints and 
he l>e not a penny the worse. If the facts are not enough to 
tca(ih n man that, it is difficult to see how they can have led 
men to cast aside savage fancies for modem science. 

To say tliat when a man hw that his theories are contra¬ 
dicted by facts, he will give np his theory us false, may bo true 
enough; and to say that it is because men have come to see 
what H])ecn1ationH tnr contrary to fact, tliat science has 
advanced, may also be true, Bnt that does not explain why men 
come to pay this regard to facts, which is just what wiiw/ be 
explained, if wo are to understand how, and why savage science 
has been gradually cast aside m favour of modem science. 

However, I am prepared to admit that man does in some 
unexplained way come to see that certain of his speculations 
must be discarded because they are contrary to fact; and that 
in course of time he learns to test all his specnlations by an 
appeal to facts. Then jnst os Kepler, when endeavouring to 
determine the orbit of Mars, tried fourteen different theories 
one after anotlier, and rejected them because they did not fit in 
with the facts, before he finally bit upon the right one ; so man 
starts by making all sorts of gnesses, of which one after another 
is proved by the facta to bo wrong. Now this view has the 
advantage about it that it is an application of the theory of the 
survival of the fittest to the evolution of science Just as one 
form of life after another has fiourished on the earth as long os 
the oouditions were favoumble to it, and then when the oon- 
diiions were no longer favourable, has perished and joined the 
ranks of extinct monsters, so in the domain of knowledge, 
one speculation after another has flourished as long as it was 
supposed to be supported by facts, and then has passed away 
into the limbo of myths and ruined hypotheses. 
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On this I have first to remark that if tho conditions bare 
changed so often, what gnorantoe have you that they will not 
change again, that your science will not go the way of all 
previous science? 1 am quite willing to admit that tho 
speculations of the savage are wrong, but how does that prove 
that your speculations are right ? Facts have turned up to 
prove that the savage was wrong, what reason have you to 
believe that facts will not yet turn up to prove that you are 
wrong ? In fine, what difference is there between savage science 
and modem science, except this, tliat the former has been 
found out, and tho latter has not yet had that misfortune ? 

Let me pnb it another way. We are all agreed that if 
a theory is contradicted by facts, it must be wrong. Bub what 
if it is supported by facts, if one after another every fact that 
turns up confirms it ’ Is it true ? There is one such theory, 
and that, the one on which all science is based, I mean the 
Uniformity of Nature. That under the same circumstances the 
some thing happens, is a hypothesis which was hold by the 
savage man of science, and which has been steadily confirmed 
by every event that has happened since. No fact has yet 
turned up to disprove ii. May we then believe it to be true ? 
That is to say, have we any evidence to show that the next 
fact which turns up will also confirm it ? Wo have no evidence 
to show that tho next fact will certainly confirm it. We have 
no evidence to make it oven probable that the next fact will 
confirm it. We simply don’t know. For tho proof of this I 
must get the mathematicians to explain to us the theory of 
chances. Meanwhile and subject to correction, I will venture 
on an illustration. Imagiue a vast ballot-box, of huge but 
unknown dimensions. You know of no other ballot-box like it 
in the remotest degree^ or whether there is another, like it or 
unlike it. Still less do you know the prmciples on which either 
it waa constructed or was filled, and you b%in to draw balls out 
of it. The first is white. What does that tell you of the 
colour of the next one ? Nothing, the next may perhaps be a 
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black ball. Yon draw a Bccond, it is white; a third white 
one, and a fourth and a fifth. Doea that oonatitnte any pre- 
Bumption that the next one will be also white ? Not the least. 
There arc on infinity of balls in the box ; luid, for anything you 
know, all the rest may be black. You go on draw ing, you draw 
a thousand, or a million, if you've time, and all are white. 
Docs thaf constitute any presumption that the next one will be 
w'liite ? Not the least; there are countless numl>erH still in the 
l>o\, and the balls may have been neatly packed up ui millions, 
first a nulhon wlntc ones, then a million blai'k, then a million 
red, you can’t tell—they imiy ha^'e been packed that wtiy or an 
infinite number of other wavs. The one thing certain is that 
the colour of th(‘ balls you have taken out tells you nothing 
whatever about the balls that are still in. 

There is then no evidence to prove the unifomuty of nature* 
the instances—numerous though they are—in whjch it has 
^corne off' so to speak, constitute no presnmption that it will 
^coiuo off' next time, just as from the white balls that have 
been drawn we cannot tell whether tlie next will be white or 
black. Now, some men of science say they know this: nothing 
Vi certain, and conseqnently they do not profess certainty about 
anytliing, and they only regard the uniformity of nature as a 
plausible hypothesis. 

That is mere cant; the man who says it docs not believe 
what he is saying. He itt certain that what has once happened 
will hap|veii again under the same circumstances. He is 
perfectly certain that if he puts his finger in the fire he'll get 
it burnt. And so are you, and so am I, and so is everylvody. 
But there is no evidence for our belief. We take it on faith. 
Whether it is reasonable to take it on faith is a question which 
cannot be properly discussed to*niglit. To discuss it properly, 
it would be necessary to enquire whether there are any other 
things which it is iiiasonable to put faith in, though we have no 
evidence for them; and, if so, what they ore, and what are 
their characteristics, and does the nniformity of nature possess 
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thoBO cbaraotoristics. Bnt without either affirming or denying 
that there are other things of the kind, there is one considera¬ 
tion we may take into accoant as affecting the uniformity of 
nature. We may couHider what would bo the conduct of a man 
who resolvod not to take it ou faith. He would decline to walk 
on the gi'onnd because the earth might not bear his weight, ho 
would walk off a house-top because he might nob fall, he would 
decline to eat beoauBo food might not satisfy his hunger, he 
would try to walk bhrougli a stone wall because he might 
succeed, he would go in for the Preliminary Arts Examination 
because ho might get through Finally, he would Iw locked up 
in a lunatic asylum—wimb there was left of him—and all 
because he wouldn't take anybhiug on faith. 
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On Education and Instr uction in ENC^Aim 
AND Abroad. 

By J. T. Mkkz, Ph.D., UC.L. 

[Reail Maiuh 4th, 1897-] 

It frcquouilj happens that in treating a snbject theoretically 
and professionally, whilst increasing onr knowledge or our pro¬ 
ficiency, wo lose sight of the subject itself. That whicli 
prom]>ted our enquiries and gave interest to our theories escapes 
nnperceived, and if, after a lengthened i^ourse of study, we halt 
in Older to survey the ground we bnd that we are dealing, not 
with the thing itself, but with some accressory phenomenon, or 
some mechanical out-work ; hold the shell in our hand, 
having lost the kernel. Examples ore plentiful in science and 
philosophy. M. Poincare has said of Maxwell's electric theory, 
whicli has done so much to revolutionise and extend our know¬ 
ledge of electric phenomena, that it explained everything very 
well, only wo did not learn from it what a charge of electricity 
wa«. Organic chemistry started at the end of the last century 
with the definite object of studying those chemietd compounds 
which wore to be fuiind in living matter and which were the 
immediate bearers and products of organic life. M. Bortbelot, 
nearly a century later, empha^^ized the fact that organic chemis¬ 
try had become the chemistry, not of living matter, but of the 
carbon cotupounds, most of which were artificially prepared, and 
that it was time, by a special effort, to bring chemists Iwck to 
the study of the immediate products pf life in plants and 
animals. 

The histoTy of the study of ‘ mind and soul' in the sciences 
devoted to these famishes many examples of a similar process. 
Over the analysis of logical formula of psychological prooesses. 



or psychophygical meaBurmucuts, the ji^reat central unity, the 
problem of couBoiousness, of individuality and peraonality, 
hos been forgotten. No more glaring example of a neglect or 
loBB of the central qneBtion oould probably l>e found than in 
the gnnit Hchocihof critical theology abroad. Stavtiug originally 
with a religioufl intcreflt, rchgioii first made way for theology or 
religious liistory, these on their part for a purely logical or 
liislorical tmitmcnt, till in tliecnd the original religions interest 
finds little or nothing in many of the learned ti'eatiscs of that 
groat school. A similar fate Ixjlongs to the great subject of 
edncatiou. It has been narrowe<l do^^n bo instruction- or even 
to crannnmg—the original ideal and object, that of spreading 
and iiu{uirttng culture, I icing lost sight of. 

I intend, to-night, to draw attention to the jxwution \^bjch 
in modem times—the three great nations—the French, the 
German, and the English, have taken up with regard to the 
original larger interests of education and the narrower problem 
of mere instruction. In doing this 1 shall dwell mainly on 
foreign methods and notions, allowing those peculiar to this 
country to suggest themselves by way of contrast. I will at 
once draw, from the analogies just referred to, a hint how the 
subject may be treated* Admitted that m all sjieciul profes¬ 
sional or tbeoretii^l treatment of great ])roblems we are prone 
to lose sight of the central and main point, of the thing itself, 
are tliere no counteracting tendencies which lead us back 
again to the beginning, and force upon us the primitive interest 
or objei't from which we started and have strayed away ? The 
answer is: There are two distinct influences w^hich oppose and 
tend to correct the one-sided nature of all special or theoretical 
reasoning or professional treatment. The one is the contact 
with real life, the practical occuiiation with the object; the 
other is the existence and perpetuation in our language of words 
which always recall the existence of the thing which we have 
been trying to define, and which we have possibly lost in the 
process of definition. These two sides, practical work and th& 



perpetuating ottice uf language and worda* which originally denote 
a real thing, have operated, Boiuetimos alone, Bometimoa together, 
in counteracting tlio BiMK'ial i)rofe8Bional or theoretical tendency. 
Ab long os practical electriciaiiB deal and operate with electrical 
chargee there ia uo danger that thm quantity will be lost aight 
of ; the medical practitioner is oontinnally face to face with the 
great facta of life and death, and the problem of life will always 
re-assert itself as the central (]Ucstion in biol(^. The words 
^tniiid' and ‘sonV cannot lie dis^)cnscd within half, at least, 
of our dully litcnituru and language; the religious wants of 
individuals and societies assert themselves in the face of critical 
theology, marking a great reality nowhere more emphatically 
urged than in Mr. Kidd’s Socuti Evolution^ and the reality, the 
charm uf culture, the great calamity of its possible loss or 
decline, the painful absence of it in some well-instructed persons, 
will always press the question, to what extent does our educa¬ 
tion furtlior it and help to extinguish barbarism, vulgarity and 
coarseness ? What might have happened if the word bought’ 
bad or could have been actually banished from our vocabulary, 
as was once suggested, is impossible to say. And yet we have 
in French official literature on education, during three-quarters 
of a century, an example of the almost atooluto di8ap|)earance 
of the word ‘education.’ In the place of it, we hear only 
of ‘instmetion' and ‘ enseignemenbs ’ of schools, primary, 
secondary, and superior, of colleges and lyc^ of academies and 
the great university of Franoo.f And yet it is to French litera¬ 
ture that wo arc especially indebted for marking the difference 
which exists between education and instruction. This subject 
was treated on two memorable occasions, at the time of the 
first Revolution mi again when Fnmoe had run through its 

* *La langae vulgalre osohe quelqiiefoU, sous iia aimphoiU^ apparente, 
das profonemn admirable*, on ae tronvent la lumi^ du bon aons et la 
sageeae de 0iea.’^Dupanlonp, de L'EduecUumt L, p. 0. 

t * Ohoae dtrange, o*«at Pinotruotion senle qui a pris depnia nn d«mi 
aiMe, ohea on gimnd penpla, le nom et U plaoe de rMnoatloa.'— 
L, p. 180. 
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course of three Bevolntious, bj two men of great abilitj, repre¬ 
senting quite opposite directions of thought: the first was 
Oondorcct, the other Mgr. Dnpanloup, Bishop of Orleans. The 
first heralds the going out of the word education, the latter its 
restitution in Frencli edtfcationaJ litemture. 

Before the days of the revolntionar^' governments, winch 
deserve so much credit for taking up the great question of 
general or public education, and which lost such a groat chance 
when they narrowed it down to instruction, wo hear a great 
deal more of edncation than of instruction. 

Rousseau’s celebrated novel, which set so many great minds 
thinking on edncational matters, Pcstalossi, Kant, Goethe, 
Herder, etc., deals more with education, the bringing up, the 
development of the mind and character, ^o’est Tart do former 
lea homraea.’ Tlie great cncyclojxjdia of Diderot and d’Alamlwrt 
has a long article on ixlncation—little on instruction. 1'ho most 
recent publication, the Oraruie EncyclopiHhe^ has eicollent articles 
on iustmetioD, on ‘ Enscignement,’ on schools and colleges, bub 
only a meagre one on edncation ! How is it that, after having 
had such great edncational leaders as Montaigne, Pascal, 
Fenelon, and Rousseau, the ideal of education should have been 
for a time almost lost in French professional literature, till it 
became evident to some eminent leaders of thought that there 
was something wanting in modem French society, that the ideal 
of education was being lost sight of, and the recent movement 
headed by M. Lavisso has taken it up again ? Tiorousae says in 
1870, ‘ Malheureosemeut plus on avance, plus on semble vouloir 
identifier I’l^acation aveo I’instruction.’ 

In 1887, M. Octavo Grt'ard, vicc-rector of the Academie de 
Paris, published his four volumes on Ediimfimi et 
In the preface he emphasizes the former, ^ Instruction,’ he says, 

' properly so called, has made in our time indisputable progress. 
The danger is that we rest content with this, and that we 
saorifioe the mind to knowledge. In the disenssions of pro- 
grammea we often forget the end of it, that which should be its 



81 


Bouly “ education.” * The fact is that when the goveraments of 
the Bevcdution, in a noble gpirit of patriotism and enlightenment, 
took in hand the great question of national ednoation, thejr 
wished to ensore individual freedom, libertj of religions and 
political creeds, and they adopted, unconsoiously perhaps, the 
dangerous formula of Condorcet, the man who preached the 
doctrine of the nnlimlted perfectibility of the human being, 
the author of the Tableau hisfon^ue dsn progrbs de Veeprit 
humnin. Condorcet, differently judged by eminent writers, 
snch os John Morley and H. Tame, distinguishes carefully 
between instruction and education. Instruction deals with 
knowledge positive and certain, the tmtlu of fact and calcula¬ 
tion -^education with beliefs, political and religions. The state 
has a right and dnty to deal with the first, but no right to 
direct the second. This distinction of differentiation of educ^ 
tion and instruction is unfortunate: you inevitably drop the 
ancient ideal that education in every form addresses itself to 
the whole man, that you oaunot matliomaticully divide the 
educational interest. The result bos been that in French 
literature, till about twenty years ago, the official and pro¬ 
fessional writers de^ ^oet exclusively with teaching and 
instruction; the writers on education are to be found outside 
of the current literature, in the ecclesui premt among the 
followers of St. Simon, of Fourier, among the Positivists. An 
exaggerated and vehement protest against the centralized 
government system of the university came out of the bosom of 
the Church, in the person and writings of Mgr. Dupanloup, 
Bishop of Orleans, who persisted in dealing with education 
when others spoke only of instruction, 

French thought on education has thus, in the course of this 
century, effected a differentiation between education and 
instruction, Vrhidi the most recent school are again attempting 
to bring together. I^t us see how the matter stands in 
Germany. 
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What the aaccesBive govcmmentB of the Bevolation wanted 
to do for the French nation, via., give it a complete ajatem of 
public education, a achcme which produced an incomplete 
ayatem of public inatruction, the aame naa attempted by many 
a Q^rman prince in the courae of the eighteenth century. The 
difference waa, that there existed a great number of govem* 
incnts inatead of one, that the government was in the hunda 
of one person, mostly of an autocrat, who waa, however, fortu¬ 
nately not uiifrequently a father of hia people, a well-intentioned 
* Landeavater.' The capital or ‘ Beaidenzabadt' where ho resided 
waa a email town, not separated by long streets or gorgeous 
avenues from the country, hardly aa much secluded as the castle 
of an English peer or country gentleman ia i>y the park which 
surrounda it. Thus this ‘ Landeavater' lived among hia people, 
who, in a sense, belonged to him, os did the land through them. 
In order to carry on the government, or rather the management, 
of his country, he required many servants; to get them he 
founded schools—for the training of jurists and officials and 
for the training of religions ministers, for in all Protestant 
countnes he waa also head of the Church. But, besides this, 
he also took notice of the fearful barbarism and brutality 
which had spread all over the country, in consequence of the 
devastating wars which had lasted for more than a century, 
and which had destroyed the population and their welfare. He, 
or perhaps nob nnfrcquently his wiser ministers of state who 
had been trained in his university, listened to the teaching of a 
few private philanthropists, who had sprung up in various parts 
of Europe, notably in such countries where wars and famine 
had done the most havoc. None of the German states were 
large enough to contain all the intelligence necessary for an 
enlightened government, or even a sucoessful management; 
besides, they were not cut off by natdon&l pride or foreign 
language from the rest of the world; their boundary was near 
at hand, and on the other side of it there were people which 
spoke the same language and lived very much in the same way. 
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It was thus that the same kind of work, that of the govern- 
ment or management of a people and a country, was done in 
many doKen, not to say scores of examples, side by aide. Oom- 
parison waa possible, and competition. Every bnsinoss man 
knows how much better is the management of sneh mann- 
factoriofl were comparison and competition exist. Monopoly 
kills progress and prohibits excellence. No competition existed 
in the government of the Fnmch people, or in the management 
of their affairs—no monopoly existed in the management of 
the German-speaking people; the same thing was done, or 
attempted, done well or badly, in many dozen cases. The man¬ 
agement of every state laid itself ojicn to the easy criticism of 
its neighbonrs. Bad, unintelligent government would drive 
away ability ; good, enlightened government would attract it. 
Of this there are many examples known even to Englishmen. 

A further consequence of this multiplication of centres 
and competition of educational work was the creation of a 
special class of persons who travolloil alxiut fnnn court to court, 
ns advisers, or organizers, whoso occii|>ation was to give their 
opinion or help m matters of administration, state nianugement, 
economics, farming, and most of nil in matters of education and 
schools. As the type of prufi^sionnl adviser in the organization 
of the highest forms of learning, one thinks of Leibniz, the 
founder or planner of academies. 

As the type of the popular edncationalist, the Yolksfrennd, 
-one thinks of Pestalozzi. But there wore many dozen of men, 
high and low, who occupied similar positions and performed 
similar functions. They were not always sucoessful in their 
own institutions, as little as in^ntora are nsnidly successful 
manufoctarera, but they stimulated numberless others, all 
through the many German-speaking countries, and gave them 
ideas on higher or on popular education. They extended and 
developed the school system, which* had existed since the time 

the great Beformers. These existing schools were mostly 
what we tdiould call secondary or middle scdiools; they neither 
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attaiiied the hif^hest standard of teaching, nor did they reach 
down to the lowest ranks; they required developing in two 
directions. Ticibniz, and the class of thinkers which he infla- 
enoed, extended the system upwards by creating and elaborating 
the ideal of * Wissenschaft,’ or science and erudition combined, 
which became the watchword of the high school, the university, 
and the academy. 

Pestalozzi, and the men whom he represented or influenced, 
stood on tlie other end. They wanted to make the existing 
school system efTcetive in civilizing and christianizing the |>cople, 
reaching the lower classes and getting hold of the masses . they 
knew little or nothing of ‘ Wissenschaft,’ but they had a heart 
for the poor, the needy, the neglected; they were what is termed 
‘ Volksmanner,’ not * Manner der Wissensebaft.’ Both were edu¬ 
cationalists—not specially teachers or instructors; the one looked 
after higher culture, the other after popular civilization. Both 
hnd to Invent means how their respective ideas were to be real¬ 
ised, how their methods were to be spread and made practical; 
and BO there were started training schools or femiiiaries, in v hich 
teachers were taught the aims of cdncation, and trained in the 
best methods of teaching These semiiiaries were originally what 
the rrcnch termed * normal schools,’ but out of it Fr. Aug. Wolf 
developed, in the beginning of this century, the training school 
for scientific and learned research- the philological seminary. 

This celebrated educational or academic institution was, in 
the course of this century, copied in all the different branches of 
science and learning. The difference between the centralizing 
and nniformitarian principle adopted by the one government in 
France, and the multiplicity of smaU governii^ oeutres in Ger¬ 
many, is obvious. In one point, however, they agreed; both 
systems of education were dictated or organized from above by 
some authority which had absolute power. Also, so for as the 
higher education was concerned, in both countries this was 
primarily dictated by the requirements of the state or the govern¬ 
ing prince; each wanted servants, offldala in great numbers, for 
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the govenunent and management of the country. In Franoe, 
there presented tbemaelves, beaidea, great industrial problems, 
and great emphasis was laid by the govomment of the Bevoln- 
tioii, and by the first Napoleon, on the necessity of protecting 
and stimnlating native industnes by scientific instruction. Tliis 
side was quite wanting in Germany at that time. Whilst France 
was developing her industries, Germany was building the edifice 
of ^ Wissensohaft,’ and sharpening the tools of the higher criti¬ 
cism In Germany, if we exci^pt the medical, and a small section 
of the legal professions, all higiier intellectual education led ulti¬ 
mately to some poBitinn or office which was tlie gift of the state, 
the pnnoe, or bis more or less intclhgent and enlightened ad¬ 
viser In order to get it, the ambitious youth had to distinguish 
himself early by the acquisition and love of knowledge, such as 
the schools offerwl. 

For a long time the systetn of examirmtiona was not uni¬ 
formly devuloiied, and to a great extent the zeal and ability 
displayed in the school or the lecture-room, the intelligence and 
eagerness in taking in and digesting knowledge, counted more 
than the liare marks of an examination which was frequently 
not even eom]>etitive. 

The state, or rather the minister of state, selected bis ser¬ 
vants or officers as a clever man of business, the head of a great 
establishment, would select them, not necessarily by advertise¬ 
ment, but from personal knowledge—by a kind of business tact 
and judgment. It was a system which was founded on the good¬ 
will of both sides, the employer and the employed, but wluch is 
difficult or impraoticable when numbers iniTease beyond a certain 
point, or where centralization and equidization have set in. 

The watchword for the ambitious youth in such a state of 
things WBS knowledge, the aoquisition of it, eiUier for its own 
sake or as a means to {urefennent. The practical application of 
it^-ezoept in the medioal, in a section of the legal, and in some 
subaidiary professions—was unknown to the leaner, and was 
net in hii own hands. The object of tiie teadm* was to infoie, 



86 


the dntj of the scholar was to imbibe, an enthusiasm for 
knowledge. The application of the knowledge acquired con¬ 
sisted, to a very large extent, simply in transmitting it later 
on to others ; it was the ago when good teachers were retjaired 
in great numbers This gave the tone to the universities and 
liigh schools, ill wliich the practical or commercial usefulness of 
knowletlge was mtentioimlly placed in the second rank: the 
first and very iiumeron^ places were nllotted to those who 
cultivated know'ledge for its own sake. The state, 2 ,^., the 
teachers who were state nfticers, held out the promise of reward 
to those who devote<l tliemselves with suc^ss to the cultivation 
and extension of knowledge, and for a long time they were able 
to do so The material rewanl was not creat, but the country 
was not rich and habits and roqum'inetits wei*e simple Tlie 
pecumarv row an! was a mere (iompetence : added to it were two 
other possible gains -the possibility of acquiring administrutivo 
or bureaucratic power, and that of acquiring fame through the 
advancement of science or learning; possibly both. The 
advancement of the highest branches of knowledge is a matter 
for genitiH, and it is not hkcly that any system will ever Ixi 
found by which the production of genius, ^tlicsti sports of 
nature,' cun be increased. But the great bulk of scientific, 
critical, and philological work rvHiuires only talent, and it is 
evident how the system just cxplainiHl would tend to direct a 
very largo amount of talont into the lino of research, especially 
in an age and country where the first conditions for indostriuJ 
application on a large scale wore hardly in existence at all. 

That ago has passed when the Government, which became 
more and more oontralised, could offer employment to the 
increasing numbers of those who passed through the high 
schools. Tlie attainment and cultivation of knowledge had, 
however, become the traditional function of higher ednoation, 
but the time name when the man possessed of knowledge had to 
seek a market dsewhere and to offer his knowledge to the 
private buyer: he had to seek private, if not pnblic employment* 
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The older state of things had lasted long enongh to establish 
the character of the higher education, though there is a 
growing tendency in many cases to degrade it to higher 
instruction (there is a miuifiter of instruction, not of educatiouV 
The high schools ami unnersitus, instead of educating men for 
the government and Toivnagement of public work, traiu pro¬ 
fessionals, persons j^ios^essed of speclul knowledge in definite 
branches, but looking for ap^iiicHtion and employment not so 
much to themselves as to others; formerly it was the govern¬ 
ment who employed them—now it is the rich employer, or the 
many wcaltliy coin^ianicg at liome or abroad. A change has 
also set in as regards the ideal and power of knowledge ocejuired 
in the schools—the sceptical attitude towards the highest 
forms of human knowledge which ccnired in the teachings of 
Hume and Kant, but which, for a time, was ovor-mlod by the 
idealbtic movement, lias during the last fifty years completely 
got hold of meirs minds 

Knowledge, in itself, * Wisseuschaft,* is not any more that 
priceless treasure on its own account that it seemed to be 
to the German youth eighty years ago: it is oertainly not 
the only civilizing and educating agent-it appears, after all, 
only as a means to an end-it has become applied, and has 
a price; it is no longer priceless in the eyes of the studious 
multitude. 

The Gorman high schools and universities train professioualB, 
experts, persons possessed of special knowledge in certain 
branches and of the means of extending such knowledge ; such 
persona have now got a value in the market of the world: they 
make up the army of chemists, electricians, metallurgists, and 
superior industriab of all kinds poured forth annually from 
German high schools. 

But the culture and nursing of knowledge on a large scale 
grew originally in oonseqnenoe of the existence of an anthority 
who required this knowledge, who could make use of it and 
employ it. 
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The German lystem has in a one-sided waj prepared jonn^ 
men as experts, bni it has onl; in rare cases taken hold of the 
whole man. For a short period, it was by men like Leesinjf, 
Herder, W, von Hnmboldt, Fichte, Wolf, and Schleiermacher, 
elevated to the rank of an educational agent of the highest 
order: it was to elevate tlie minds of young Germany, and it 
did so effectually. 

The ideal of self-help, of self-govemment, peculiar to the 
training of this country, the prospect of organising and pioneer¬ 
ing, of colonieing, has not been before the eyes of tlie rising 
generation in Giermany till perhaps ({nite recently. To make 
the most of small opportunities, to apply a modicum of know¬ 
ledge to the greatest advantage, to put up with mediocrity or 
average ability m others, to manage largo numbers {losacssed 
only of inferior talent and acquirements—in fact the task of the 
pioneer and coloniser, the civilizer, n^anager or organizer, this 
is distasteful to the highly trained expert. He must have an 
army of clerks, an army of soldiers, a laboratory of apparatus at 
his elbow. Where these exist he will get on and make himself 
useful; where they do not exist he will bo at a disadvantage 
alongside of the more adaptive, though less thorough practical, 
man whose aim has been, not to learn, but to do something, not 
so much to acquire knowledge as to manage and to organize. 
The ability for the latter is not acquired without the sacrifioe 
of some of the professional schooling : it is not the class-room 
but the play-ground where it is got, and it will be lost in the 
same degree as excessive or one-sided instruction takes the place 
of education, still more if an artificial system of examinations, 
prizes and cramming is to take the place of the liberal spirit of 
school and college life or the healthy discipline of the workshop. 
It is not likely that the Engluh will, in their colonizing and 
pioneering work, come very much into contact with the French, 
who, after aU, have hardly any snrplns population to spare. 
With Germany, where the population has been rtqiidly growing, 
it is different. Owing to the conditions under which German 
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education haa grown up, it is not snrprifling to find that she 
does not so mnch train pioneers, organizers, and teachers of men, 
as experts, professionals, and higher indnstrials of all kinds, 
persons accnstomed to handle special problems in a masterly, 
scientific, and philosophical spirit, and possessed of the vast 
resources which the accumulated learning of the schools has 
furnished them. Whilst it must be admitted and strongly 
insisted on that knowledge gained in the way held up by the 
German universities, academies and high schools had, and has 
still, a great educational value, we are bound to point ont that 
this instrument of education sinks to that of mere instruction 
wherever knowledge is ac(iuircd only as a moans to a practical 
end. This process, degrading an educational idea to a mere 
instinnient of instruction and training, is going on rapidly in 
Germany under the influence of the utilitarian spirit of the age; 
it is still more prominent m this country, where research 
laboratories are started because Englishmen hold that German 
experts are out-running them in the race of cximmene and 
industry. Those who promote them must not forget that in 
Germany these establishments owe their existence to the 
traditional love for pure science and knowledge, the ideal of 
* Wissenschaft'—and that without this factor such establish¬ 
ments vvill hardly produce what is expected ; certainly they will 
lack that educational importance whidi they possess, or 
possessed abroad, and to which ue must trace the finest fruits 
which they produced. 

It is not necessary for me, and perhaps not becoming in the 
presence of great educationalists in this country, to say any¬ 
thing about English education and its ideals. By contrast, it 
will probably have occurred to yon how differently tilings have 
been done in this country. It is the only country whose 
language and whose leaders in highest culture have, without 
exoeptioD, refused to give up the full meaning of the word 
education—guided, perhaps, by an instinct, that if you once 
begin and differentiate you lose the fnll sense of responsibUity, 
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that you arc in danger of retaining the shell and loeing the 
kernel 1 have, however, made the observation, that in spite 
of continued criticiam and fault-finding in the periodical presa 
and in the educational bterature of this country whenever any¬ 
one—not excepting the late Bishop of Peterborough^ delivers 
an addreas on English ways and methods, ho usually finds much 
cause for self-congratulation. 

So it may not be quite out of place for one who is himself 
^Vof Kui dro\t9 to conclude by suggesting that, after all, the 
English people, though by no means the best tfvttrurfsd or 
mfortiwi may be, after all, the best efhr/tfed nation in the 
world. 
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The Effect of Alterkatikq Currents 
ON THE Frog’s Heart. 


By Hobt. a. Boijlm, M.D , and B. J Pattbbson, M.Sc. 


This communication is of the nature of a preliminary ao- 
count of an invcatigation which has Ixicn undertaken us likely 
to throw light on the broader question of the effect of tha 
currents on mammals—the authors being associated with Pro¬ 
fessor Oliver in a research upon the wider issue. 

Wo ha\e employed throughout the ex|)eiTments the alteruat* 
ing current of the town supply, transforming as required, su 
that voltages from 2 to 1,000 were readily obtained. 

The brain of the fn^ being destroyed by pithing in the 
usual way, the animal is fixed to a holder. The heart is ex¬ 
posed, freed from its pericardial bag, and the tip of the ventricle 
chpped m forceps, which are attached to a pivoted lever re¬ 
cording on a travelling smoked surface. Beneath this heart 
lever a signal on a shunt circuit indicates the time and duration 
of each shock. The electrodes of moistened sponge are applied 
to arm and leg at opposite sides of the body. 

With currents at low voltages there is no effect on tiie heart's 
beat. In the case of a weak frog kept long m confinement the 
first effect is noticeable at from 25 to 80 volts, and consists 
of alteration in the cardiac rhythm by the substitution of short 
irregular beats during the passage of the current. With 50 and 
100 volts farther and more typical effects are produced. These 
are short and irn^lar beats during the time of stimulation 
and a well marked stoppage of the heart's action in the stage of 
relaxation^the oeesation extending over a considerable period 
and being gradnally recovered from. 






With a large strong frog a current at 100 volts must be 
employed before any appreciable result of stimulation is arrived 
at, while at :{00 volts a very obvions effect is always gained. A 
characteristic of the recommencing beat after the period of 
stoppage is liiat the contraction of the sinus veuosus is always 
the initiator of the restored rhythm. 

In our early experiments we obtained at 800 volts sncb a 
lengthy cessation of the heart's action that we deemed we had 
arrived at the critical voltage determining death. Hut after an 
interval—in the tracing depicted—of 17*fi seconds the beats 
again commenced, slowly at first, but with an ultimute return 
to the normal condition. 

'I'ho heating and (electrolytic effects of the current, not very 
evident at low voltages, became very marked when high po¬ 
tentials were reoched. The tissues in the neighbourhood of the 
electrodes assumed a wliite, baked appearance, steam rose in 
considerable volume, and bubbles of gas were seen to be formed. 
The usual time of stimulation—8 seconds—was reduced to a 
momentary passage of current allowed by switching on and off 
as rapidly as possible. The naked metal electrodes which we 
first employed were discarded, and sponge distributors sub¬ 
stituted—which we now nse for all experiments. 

The result of 1,000 volts pressure was at first sight 
absurdly disproportionate, the normal beat being at once re¬ 
sumed. But minutes afterwards a stoppage of the heart, 
lasting 80 seconds, ensued, and was followed by a gradual resto¬ 
ration of the rhythm, and finally this became slowed again to 
the extent of a cessation yrhich was not recovered from. Here, 
then, the effect though slow in appearing, was profound dis¬ 
turbance and ultimate abolition of the heart's action. 

We have noticed in one of our experiments a carioas 
abnormal rhythm induced by the action of the idtematlng 
current. The ventricle ceased to beat, except at lengthy 
intervals, all movement of the heart being aurlmlar, except 
when external stimub, s.//., the application of edd normal saline 
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floIutioD, provoked ventricular contraction for a single beat 
or for a short series of beats only. This wonld seem to iudioate 
a blocking of the normal contraction wave at the junction of 
the anrides with the vontriclcB—’passage of the wave occurring 
only at rare intervals. A similar condition has been noticed U) 
the experiments on mammals previously referred to. 

In conclusion, wo Miove that the effect of alternating cur¬ 
rents is primarily on the heart and not indirectly through the 
nervous system. Tliis, however, wo ho]>e to investigate further 
by eliminating especially thc‘ vagns action on the heart, and 
trust at a future period to communicate again to the Society. 

[Tracings of the effects obtained were shown, and expeii- 
ments demonstrating the noniml rhythm of the living heart, 
with the effect of a current at 100 volts also projected on the 
screen.] 
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On Post-Embr y onal D evei ^pment, approach ed 
FROM A Statistical Study of the 
Incisor Teeth of the Horse. 


Hy Ai^xandkk Mk^k, M Sc , F,X S. 

(Alifltioct *) 

An litteiupt waa made in this paper to indicate, by a series 
of lueaenrements, the changes occurnng in a port during life; 
and though a more interesting part than tlie teeth might 
have been selootod for such an investigation, the results show 
that changes oocnr in the teeth, and in the bone surrounding 
them, at all periods of life. The incisor teeth of the horse 
were chosen as the subject of investigution for two reasons; (I) 
I had a largo series of specimenB at all ages, from just before 
birth up to 80 years; and (2) Professor Stroud's discovery that 
the teeth could be radiographed in their alveoli rendered it easy 
to make a beginning. I have to thank Mr. Havelock, who 
was then working in the Physical Laboratory, for making a 
series of radiographs from specimens of different ages ; and as 
the numbers seemed to indicate results of some importance, apart 
from the general questions the measurements were meant to 
illustrate, a largo series was afterwards cut into sections, and the 
measurements repeated and extended on the actual specimens. 
The numbers were given in detail in the paper published in the 
Vffynnartan, Here it is only necessary to present a summary 
•of the results. 

1. The radtographs were naturally interesting in showing 
that the Bdntgen rays could penetrate bone and even tne teeth. 

* The oomplete ptpn, mylng detaiU of the meMoremenU, appeared 
in the VtterinariaH for (m 881 and 487). It wai illuitrated by 
ndlampba aoleoted from a aeme made by T. H. Havelock, B.Ho., and 
Also hy photograi^ by the author. 





The greater densitj of the latter isolated them, uBoally very 
clearly, aa more or less strong shadows. The oanoellons net* 
work of the bone was always visible, and even the layers of the 
teeth could be recognised in most cases, especially in the yonnger 
specimens. 

2. The puIp-Mi*ih/ is gradually constricted, through the de¬ 
position of dentine, until it is reduced, iirst, to a very small tube, 
and then practically obliterated. The opening at the base of the 
tooth is at first large, but is reduced m this manner to a mere 
aperture or apertures, which may be terminal, or apparently, 
when not terminal, extumo-lateral This is the fate of the drsb 
mcisors at about 15-10 years, and of the second pair at about 
17-18 years. Those changes tend to show that the pnlp is not 
a permanent one. 

3. The tfrmvfh of fhs tnriHots^ as shown by the numbers and 
curves drawn up from them, la found to be a rapid one during 
the years in which the horse is growing--*,^, up to 5 or 0 years; 
and thereafter little or no increment occurs. 

4. The aofv/fl t^rowfh of the flint lotver tiimar may be said to 
be rather more than 35 mm. lietwoen the second and the sixth 
years; and this, iicrhaps, is not tuldcd to at all in after years. 

The actual growth of the neeond lower iimm is about 55 
mm. during the same period, and 2 or 3 mm. more appear to 
Iw added possibly between the the 10th and 18th years. 

The actual growth of the firnt upper umnor is nearly 45 mm. 
between the second and the sixth years, and perhaps a millimetre 
or two 18 added some few years later* 

The actual growth of the second upper tnetsor is about 50 
mm. during the same period, and may possibly be added to by 
2 or 3 mm. between the loth and 14th years. The pulp there¬ 
fore is not a permanent one. The after growth, if any, can only 
be some 2 or 8 mm. A comparison with such pictures of the 
teeth of the horse as appear in Glervais' 2loologte et PaUentologte 
OMralea serves to show that in the reindeer epoch the teeth of 
the horse were much as they are to-day. A figure of an injdaor. 
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fashioned at the root end to form a ohiflel^Iike Bbarp-ed^f^, abowe 
that it had l»elouged to a horse which had been pretty old. The 
pulp-cavity was nearly occluded 

The wear is not an equal one from year to year, but 
appears to bo slightly more rapid in the earlier than the later 
years. It affects the third least, the second a little mure, and 
the first incisor most of all, m Ixith jaws. For tho first lower 
it is a little over 2 mm. at first, and from aliont nine or ten 
years it is lees than 2 mm. a year. For the second lower it is 
more thou l*r> in the first few years, and under l*d thereafter. 
The first upper loses about 2 2.'> mm. to Ix^in with, and later 
about 2 mm. 'Jhe second upper loses more than 2 mm to 
begin with, and less than 2 mm. later. The third |)air in 
each case, though not measured, ore evidently still less worn. 
Baunioister gives 2 to 8 mm. as tho yearly wear for the incisors. 

6 . Much variation occurs, os we should naturally expect^ 
for the wear depends for one thing upon the animal. Some¬ 
times it is readily explained by the teeth being comparatively 
soft or hard, or from being subjected to constant use ; but the 
variation is often a structural one, and this tendency to mry is 
illnstrated l>oth in the numbers and their graphic repre¬ 
sentation. 

7 . For the accommodation of the teeth the bone is (1) 
absorbed in front and behind the growing teeth, and the 
alveolus may even be slightly added to at the margin during 
the emergence and meeting of the teeth ; (2) each cavity or 
alveolus then decreases in siao, due to the progressive absorption 
of the margin accompanying the decrease in size of the teeth, 
though the two prooesaos are not absolutely dependent upon one 
another. . This decrease in size may, however, be assisted by a 
late bony deposit behind the tooth (cf. tnfrd), 

8 . The alveolar cavity is idso gradually modified so as to 
admit of the approximation of the crowns. The teeth thus 
become separated at the roots in the old condition. In the 
younger specimens they are close together. The bony alvedor 
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cavity then is absorbed in response to pressure, and deposition 
ocGura where the pressure has been removed. The more rapid 
reduction of the central or drst incisors seems to be assisted by 
a late leucocyte attack from behind—cf. the radiographs of 
sixteen and twenty-one years,—and the alveolus seems to 
receive a bony deposit in consequence of this absorption of the 
practically dead tooth, a deposit which assists in the reduction 
of that cavity. 

9. Tlieae changes have been shown to accompany changes in 
pressure, and are therefore variable, as the teeth which produce 
the pressure are variable from many causes. They are more 
pathological than developmental. The bone is formed and 
absorlied according to circumstances which are necessarily 
variable, and the dejxisition and absorption are variable for this 
reason if no other. At the same time the processes are the 

* accompaniment of ageing. There is no static condition in this 
part of the l>ody at any rate ; and as the later rcsiilba are 
lieyond the pule of heredity we miglit 1)6 justified in ascribing 
not only the variations, but the average condition of lute yeui'S, 
simply to the fate of position. 

10, These fa<its as regards the alveoli of the iiuMsors lead us 
to suppose that similar results would follow a comparative 
successive study of other bony elements. Wo are familiar in 
general terms with the intcnsificatLou of projectmg parts, and 
the prc^ressive uniting of bony elements in advancing years. We 
know the gradual deposition and absorption which characterise 
growth of bone, and these processes are doubtless controlled by 
the conditions of pressure—the mechanical work to which 
they are subject. If these exceed a certain limit they lead 
to a pathological state; but within that limit they will cause, 
to some extent, a making and unmaking to suit the oondiUons 
of which they form a port. 
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Native M ETHopg op Fire-making. 

Ky HxMXtY Louis, M.A., Vrofeawr of Mining. 

[Read Maroh 4th, 1807.] 

I feel that 1 am bound to commence by a|)ologi8ing for the 
fiomewhat delusive title of the short paper 1 have the honour of 
submitting to yon to-night. It is not my intention to attempt 
to cover the whole range of the subject of firo-mohiug, but 
rather to sketch the main outlines in the most elementary 
manner, and only to dwell at all upon one or two special 
methods that have come under my personal notice. As far as I 
know, there has lieen no exhaustive work written as yet upon 
the subject of savage methods of producing lire, and if anyone 
wishes to write such a work, he has little, if any, time to lose, 
because the majority of these methods are rapidly liccoming 
extinct. It is often said that the advancing wave of civilisation 
may be known by the wreckage that it throws uji in the shape 
of sardine tins and liquor bottles, and whilst it is true that it is 
difficult to got beyond the line thus demarcated, whenever you 
do, the match-box will still be found ahead, acting everywhere 
as the true advance guard of the white man. It has happened 
to me on several occasions, and in different parts of the world, 
to bo the first European who had ever \ isited certain districts, 
and I have been in many places whore a white face was rare 
enough to be a subject of general cariosity to the uiitives, and 
yet I have only, so far, oomo across one tribe that did not know 
the ose of matches; all others, even if they did not always carry 
them, for economic or practical reasons, were yet quite familiar 
enough with them not to look upon them at all as curioeitiim, 
although they may regard their possession as a distinctive 
attribute of the white man, possibly a sign of his inferiority in 
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beinK nnable to get fire in the ways familiar to themselves, just 
as the fact that we are nnable to walk without boots—^which 
are, after all, a foolishly useless encumbrance from the native 
point of view—excites very general wonder, not nnmixed with, 
perhaps, a little good-humoured contempt* Bigniflcant in this 
connection is the fact,that when a gang of Kroomen, or of 
KaHirs, come down to work for Europeans, and are naturally 
compelled to assume names that the clerk can write on a 
pay-roll, one of tlio most usual is that of ‘ Matches ; ’ you will 
rarely find a gang of these men that has not a * Matches* 
amongst them. 

Going back to the primeval methods of lire-makiog, all that 
we can assert with anything like confidence is that we have 
evidei\ce that the primitive races of mankind used fire at almost 
as early a period as that from which the fiiet surviving sign of 
their dawning civilisation dates. In this connection I need only 
refer to the fact that Ixmes, some of which belonged to animals 
now extinct, showing the marks of fire, have been fonnd in caves 
together, at times, with paliiM)lithic implements. It is, how¬ 
ever, in the very highest d^roe probable that early man used 
fire long before he was able to produce it, and that the utmost 
care was taken to preserve fire by constantly feeding it, ns wo 
still see done nowadays by some savage races that find the pro- 
dnetion of fii'e a piece of laborious work. As this practice of 
keeping a fire olive through long periods of time has thus been 
locally preserved among savage tribes, even to the present day, 
it is perhaps u legitimate hypothesis that such rites as those of 
the vestal lire in Koman times represented a snrvivai of such 
habits from very ancient periods ; it soenis that more than one 
custom connected with fire lingered, long after its utility was at 
an end, as a religious or a suiierstitious rite. 

For the purpose of convenience I propose to divide the 
various methods of fire-making into four groups, which seem 
roughly to correspond to the order of their sucoessive develop¬ 
ment, although I am aware that my classification is far from 
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•oientifio: (L) mechanical, (iL) phyaicd, (iii.) ohcmico* 
mechanical, (iv.) chemical. Of the mechanical methods, I 
think that only tliose in which heat is obtained by means of 
fnction desen*o to be thus considered; wherever percussion is 
employed, I hope to be able to show that the method is rather 
chemico*mecbanical thap mechanical. 

A number of methods of producing fire by friction have 
been described, the simplest employing a to-and*fro rubbing 
motion, the more complicated a rotary motion. Personally, I 
only know one of these methods, namely, a very crude one, used 
by the Sakei or Jacoon tribes on the Orang Outan or Orang 
Bukit, OB the Malays call them. All these names are to be met 
in literature. These are the aborigines of tlie Malay Peninsula, 
unacquainted with the use of iron, leading a nomadic life in the 
jungle, their clothing made from strips of bark, their weapons 
the deadly sumpitan, or blow-gun, and young bamboo shoots 
with the iioints hardened in the fire, their dwellings branches 
and leaves interlaced and woven together, their food jungle 
produce, e.//., fruits and roots, and any ammai they can hunt or 
snare. I once came upon a settlement of these jicoplo whilst 
cutting a new road across the main mountain chain of the 
peninsula; they were comparatively civilised by intercourse 
with the jungle Malays, liad built lints of bamboo, had lived in 
the same place for over a year, and could speak a little Malay. 
I enquired how they got their hre and they showed me that 
they took two pioces of bamboo, old and hard, they split off a 
piece about two inches wide, cut the point half round, and 
rubbed it against the soft but dry pith m the concaiity of the 
other side; of course the siliceous hard outer coating of the 
bamboo acted admirably to rasp the soft spongy dry fibre of 
the interior, which thus acts as tinder and takes fire They 
did not make lire, because they considered it too much trouble ; 
it was easier to keep going the fire they hod always burning, 
and on jungle travels they will carry a glowing coal between 
two strips of bamboo, and can thus light a fire whenever they 



want it. I should like to digress here to say that I have 
noticed that methods of obtaining fire seem to develop most 
rapidly among such tribes, some of the American Indians, 

OS are in the habit of smoking. I feel inclined to say that this 
vice, that has so often been vehemently attacked since the days 
of good King James, has thns possibly contribnted indirectly 
more to the material development of the arts than have a good 
many virtues. To return to the Sake! encampment, it is 
intelligible that in a country such as the Malay Peninsula, with 
a rainfall of 80 inches per annum, making fire by friction is a 
laborious process The skill of the savage in fire-getting is 
shown more by the extraordinary dexterity with l^hiclI he will 
keep the tiniest spark alive and fan it up and work it into a 
blase, than it is in producing the spark originally, and the 
former is far the more dilHcult knack to acquire, although, as I 
have already suggested, I lielievo it was acquired long before the 
other. 

The Malay trilies, both of the mainland and of the Archi¬ 
pelago, are said to make fire by friction, by sawing the sharp 
edge of one bamboo against the convex side of another, and it 
has been supposed that forest fires caused by the nibbing of 
bamboos agmnst each other under the action of wind, first 
suggested these methods. T have never seen any of them 
practised by Malays, because Japanese imitations of European 
matches are very cheap throughout the Far East and have been 
carried into the remotest corners by enterprising Ohinese 
merchants, as also have flint and steel of fairly good quality. 
The methods of fire-getting by rotation that are best known 
are those of twirling a stick between the hands, revolving it by 
means of a thong or cord passed round it, or by means of a 
bow, like the jeweller's bow drill, which is still used in this 
country for drilling. Those appliances indicate a higher state 
of civilisation, and, if not now in use, have survived til] quite 
recently among savages of all parts of the world. I should just 
like to mention that it is said that this method is still in use 
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as a toy in the canton of Neufchote], and to refer to its having* 
been need even aa late aa the present century in carrying out 
the GurionB Buperatitious rites of the “ need fire" in Scotland. 
Many here, no doubt, know much more than I do about this 
last-named subject. 

Under physical methods of fire-getting must be included the 
use of burning mirrors and lenses, said to have been used by 
several partly civilised nations. The next of these methods to 
which 1 should like to direct your attention, belonging to the 
same group, is in some respects the most curious of all; I have 
classified it among the physical, but I am afraid I can give no 
definite idea as to where it should (»)me in chronological order; 
it Is known quite spoiadically over a certain range in the Far 
East, chiefly so far among the islands Inhabited by the Malayo- 
Polyncsian race, but it is not habitually used by any one 
particular tribe or tribes; I am in doubt whether to attribute 
its wide distribution, in isolaU'd examples, to Independent in* 
vention or to a survival, but am, upon the whole, rather inclined 
to the latter view. This is a practical application of the 
scientific toy, often used as a lecture exjieriineat, known us the 
fire syringe, which is used for the purpose of showing the gro*it 
heat given out by the compression of air. Though it has been 
described by a number of travellers in Borneo, Sumatra, and 
other isloiiJs of the Malay Archipelago, it had never been seen m 
the mainland of the Malay Peninsula until I was fortunate enough 
to discover a specimen whilst exploring one ot the very wildest 
ports of the Malay Peninsula, which no white man hud evet 
reached liefore myself. 1 was camped m the jungle on the bonks 
of a small stream, to which I had had to cut my road through 
dense forests, nheii a party of jungle Malays c»me *down the 
stream, making their way back to some village with loads of 
jungle produce, such as damar, rattan, etc. On seeing me they^ 
Ifalay fashion, squatted down for a chat, and of course used the 
interval either for chewing beteror for smoking. One of ihe 
party, a youngish man, lit his cigarette by means of this firo 
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syringe; I happened to notice him and ho showed me Bome 
half-dosen times how he did it. The syringe is a piece of hard 
wood, neatly plaited with strips of rattan and hollowed out into 
a tube; the piston, which fitted well when in nne, has a slight 
hollow; into it the Malay pressed a piece of tinder which he 
said was made fn)m some fungns, and of which he carried a 
snpply in the hollowed-out skin of the seed of a large kind of 
bean. He forced the piston into the tnl>e sharply, pulled it out 
with equal quickness and never failed to light the tinder. The 
other men seemed not in the least suiqiriscd at it, though they 
all carried the flint and steel. When I asked him for it, he im¬ 
mediately gave it to me, tlnugh he said he did not see why 1 
wanted it because 1 did not know how to use it. He was, how- 
over, very pleased to get a flint and steel m exchange. 

A few other specimens made of liard wood and more often 
of tin, all more or less similar, have been descrilicd, but I doubt 
whether there are more than a dozen or so known altogether. 
Mr. A. R. Wallace, whose authority on all Malayan matters is 
supremo, and with whom I had the pleasure of discussing the 
subject, told me he had come across the syringe in the Archi¬ 
pelago, but never on the reniiisula I should add that this 
unique specimen has been described by my friend, Mr. P. W. 
Uudler, in Setfnee^ August 4t]i, 1893. 

The next group of methods in my classiflcatiou is what I 
liove called the chemico-mechanical group, comprising the 
methods for obtaining tire by ])ercuBsion. I call them chemico- 
mechanical because, as far as I know, the chemical composition 
of one of the two pieces that are struck t(^tber seems to be 
important, inasmuch as, though both must be hard, one, at any 
rate, most be combustible. Thus, a decided spark cannot be 
got by striking two pieces of flint together, but a piece of flint, 
quarts or qnartsite, and a piece of pyrites or a piece of steel 
give good sparks. 1 have little doubt that the use of pyrites 
for this purpose is very old, and antedates the use of steel; iron, 
as made by all primitive methods, is so soft that fragments 
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cannot be chipped from it, and it 1 b not enfflclentlj carbonised 
to throw off a lar^ and brilliant spark. Hence the art of side- 
mrgy mnst have mode considerable advances before it was 
possible to manufacture a flint and steel. Pyrites, on the other 
hand, was always obtainable in certain districts, and, indeed, in 
most parts of Euroiie or North America, once the savage knew 
wliat to look for, and had found out that the brown outer crust 
was useless, but that freshly fractured pietres would serve his 
purpose. Pyrites would ueather and deconi]) 08 e to great depths 
so rapidly in the hot moist ntmos]>hero of the tropics that it is 
not surprising to find that the geographical distribution of this 
method is confined temperate and cold regions, although 
widely apart from each other. 

The flint and steel, which uas probably the most recent of 
the savage methods, bos, as everyone knows, largely survived to 
the present day, in spite of the greater facility with which 
matches, representing the chemical stage, or highest state of 
development, can bo used. Here, however, we have to do witli 
far more con)plicatod questions, wliich I do not propose to enter 
into. For example, I will only remind you that in countries 
in the south of Europe, where matches are a Government 
monopoly, the flint and steel Is still largely used, for obvious 
reasons. Indeed there are few more convenient methods, even 
to-day, of getting a light for smoking in the o^ien air, and the 
traveller in wild parts of the world, under trying climatic con¬ 
ditions, still finds it advisable to carry it. In the same way it 
has survived among savages and semi-savages in Asia, Africa, 
and America, as a matter of convenience rather than because 
matohos are not obtainable, and will probably continue to be 
used for a good Long time yet for these same reasons. 

I have now completed the hasty survey of the subject, which 
is all that time admits of, and have therefore had to leave out 
many interesting though subordinate questions, such os those of 
tinder and tinder boxes. In conclusion, I beg to remind you 
that the very unequal stress I have laid on the various methods, 
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bj no meanB indicates my appreciation of their relative import-^ 
ance, but has been dno to a desire to contribute, as far as I 
oonld, my own observations on the subject to the general store 
of information concerning the art of firo-making. 
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The Great Ice Age . 

By R. A. Sami-sov, M.A., Profeuor of Mathematics. 

[Read May 6tfa, IS97.] 

4 

In a problem of tliis kind, where the data and acting cauaca 
are Homowhat uncertain, but are partlj liable to treatment bj 
uiathematics, there is, I believe, but one plain dnty for the 
mathematician to perform and only one way of properly din* 
charging it; and 1 venture to intuat upon this becau&o I have 
myaelf tempted fate in other fieldn with a mathematical theory 
upon Buch a Bubject. In the clmiigOB of climate which would 
produce a glacial epoch we are confronted by i\ phyHical problem 
of the utmost complexity and obM*urity. The eauBes which 
modify climate, which can be used fur theoretical deductions^ 
are bo little knoaii that orthodox meteorology wueheB itB hands 
of the whole of them and adliercB strictly to BtiitiHticB and 
empiric results derive 1 therefrom. The prime agent is rloubt- 
lesR the sun, and regular and accountable factors are the earth's 
situation with ixfspeot to the sun and the earth's rotation, but 
the oiieration of these cauaes is modifit3d to an extent that wc 
can but guesa at by the distribution of land and water, by ocean 
and aerial curi*ent, by the presence or abseuce of aqueous va^joar 
or cloud in the atmosphere at any particular time. Some, 
indeed, bold that certain causes tend to reinforce and reproduce 
themselves, though ovideutly that is not possible beyond a 
certain limit. That, for instance, heavy local falls of rain, when 
•once they have occurred, persist for a time at any rate; or what 
is more to our point, that accumulations of snow and icc, by 
means of the atmospheric conditions which they induce, assist 
and augment the farther accumulation of the some. Now what 
can a mathematiciap do in the presence of a tangle of cansea 
like this ? As I mentioned at first, the success of all Iiis efforts 
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depends upon havinj^ his causes clew. To me there appears but 
one place whore he can make himself useful. Let him isolate 
any portion of tho problem where the causes are clear and their 
operation amenable to his nuK'hincry, let him compute the con¬ 
sequences of tlieso causes^ and then lot him lay down his tools 
and leave the problem, content with supplying some definite and 
irrefutable material for others to argue from. 

Now of all tho tangle of causes through which changes in 
tliu orbit of the earth might affect climate, what part, if any, is 
liable to calculation ? This and Uiis only, the amount of heat 
which falls from the sun on any particular place at any 
particular time. This only, out of all the questions involved, 
has so for been reduced to any certainty ; if tho mathematician 
proceeds to argue how much of ib would lie wasted by radiation 
and how much stored, how it will afTect oi^ean enrrents or local 
climate, ho no longer carries with him the authority of mathe¬ 
matics, but has embarked, in a craft built of speculations, upon 
waters wliich no one has explored. 

Let us then see what calculation can teach about changes in 
son-heat falling upon different quarters of tho globe under 
different conditions that may liefoll the orbit of the earth. 
First of all, the length of the year is absolutely invariable, bemg 
subject to no permanent or 86mi-]>ennanont disturbances what¬ 
ever ; and so is the length of the day. 

Next, the areas of the arctic circles and the positions of the 
tropics are subject to variations so transient, or slight, that 
they may also be rej:arded as pmcifically nnohangeable. 

There remain two substantial elements of ‘change in the 
seasons. First, the greater or less rapidity of the sun's motion 
at different points of his path. And second, the situation of 
the day of quickest or slowest motion in the year with respect 
to the equinoxes, or, what is the same, to the longest and 
shortest days in the year. The latter of these secures that the 
summer, let us say, of the northern hemisphere, or the days 
that elapse while the sun is north of the equator, shtJl vary 
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gradnaUy from the greatest possible to the least possible nmnber, 
ihe greateat length of summer in tbe northern hemisphere 
•corresponding to the least length in the sonthem, while the 
yarying motion of the sun, dae to the changing eooentricity of 
his orbit, affects the aotnal magnitude of these lengths, lliat 
is to say, summer and winter in the northern hemisphere last at 
present 186 and 179 days respectively ; and 200,000 years ago 
they were respectively 196 and 169 ; while at a yet more remote 
period, 850,000 yem« ago, the difference between summer and 
winter amounted to the difference between 199 and 166 days. 
It must not be understood that there is a oontinuous change in 
one direction throughout this immense lapse of time. On the 
contrary, the eccentricity and the consequent grout difference of 
length of the seasons has undergone many fluctuations of on 
irregular character, though it has never l»oen considerably less 
than it is at present. Nor must it be sup[K)8cd that while the 
eccentricity was such as to give a difference of, say, 26 days, 
the advantage of that length was always in favour of, say, a 
longer summer in the northern hemisphere ; on the contrary, in 
the northern hemiapliere at one time summer would be 26 days 
longer than winter; gradually tliis difference would dimmish 
until after a lapse of 10,500 years winter would be 26 days 
longer than summer. 

It is in these flaotnations that it has been supposed we may 
find a cause for a glacial epoch, and it is certain that if we look 
into it there are some very remarkable facts about the distribu¬ 
tion of sun-heat which are well worth knowing, even if their 
bearing upon the glacial epoch should be less than has been 
supposed. 

In the first place, the total heat received by the earth while 
the sun is north of the equator is exactly equal to that which 
is received while he is south, even though he dionld bo north 
for 199 da^ and south for only 166. 

In the second plaoe, the proportion of heat which is received 
Iby the northern hemisphere while tbe son is north of the equator. 
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compared to that which it receives while ho is south, is exactly 
the same though ho should be, as above, north for 199 days and 
south for 166 days. This is, in fact, the ratio 66 : 67 which 
Bir R. Boll insists upon with so much iteration. 

Further, if we cut off the the arctic drcles, exactly the some 
thing is true, the proportion of heat received in summer up to 
latitude 66^ 66' to that rocoived in winter is invariable, and 
doubtless there are other curious results worth mention which 
have not yet been detected, but these are the chief. Now what 
is the bearing of this upon a glacial epoch ? It appears that 
the ratio of sun-heat received per day in summer may bear to 
that rooeived lu winter, may approach as near equality as 6 ; 2, 
and recede as far from etjuality as 2 : 1. At present this ratio 
is close upon 5 ; 8. Remember that this is the heat rccxsived by 
the whole northern hemisphere. Moreover it takes no account 
of what IS done with the heat when it falls upon the earth, 
whether it is radiated back again at once or i'et>ained; remember 
tliat in a mild open winter and in a hitter one wo receive exactly 
the some amount of sun-hoat in the above sense, and I think it 
will l)e oduutted that what is done with the sun-heat when it 
reaches the earth is at least as important ns the amount that 
arrives. Finally, when it appears, os Mr. Culvcrwell has lately 
shown, that if wo disregard the whole hemisphere, and take n 
particular spot, the difTerence of heat received in times of 
greatest or least eccentricity would correspond only to a pre¬ 
sent difference of latitude say from Yorkshire to (Cornwall, and 
I think if it is admitted that the astronomical <»use may bo a 
contributing cause to the production of an ice age, that is as 
much as we can assert, while far the greater part of the ofiBcient 
agents must be sought elsewhere. 

At this point begins a class of arguments which I absolutely 
decline to take seriously. I have long felt that reserve about 
giving or taking reasons which Falstaff so wisely* exhibited. 
Given any two facts I do not think it is a very difficult exerciso 
to connect them by a plausible appearance of reason, provided 
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only sufficiently little is known abont them. Add to that, tliat 
we neTOr meet in fiction a moN desperate or unprincipled 
character than the scientist who sees before him some gulf in 
his theory which must bo bridged or overloapt at all costs. 
One of these wonld divert the Gulf Stream and make the chief 
snowfall of the year in summer; another would be willing to 
slide the earth’s skin about on top of its body were he not 
strictly forbidden by mathematicians to disturb it at all. 

It may be that some of these things have happened, but I 
utterly distrust the arguments nimn which their defenders rely. 
They call spirits from the vasty deep to do their work, bnt no 
one can say whether or no the spirit invoke 1 bus responded to 
the summons. My own view of these climatal changes, if it is 
of interest to hear it, is that there is a good deal of undeveloped 
truth in a statement which Croll embraces and which is rein¬ 
forced by many others, that snow and cold tend by their 
presence to produco circumstances which make for their own 
increase; that climate is, in foot, casuntislly nnstablo or at least 
liable to fluctuations of long continuance and of great intensity, 
mthnnt any astronomical or other external cause to produce it. 
But 08 far as the msthemutician is involved m the question, he 
will most contribute to respect of his kind by rigidly sticking 
to his last, merely restraining the geologist when he seeks to 
take liberties with the old earth, and leaving a geological ques¬ 
tion to be solved by geological evidence. 
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PROCEEDINGS 

or THU 

liittnitti of pnrjian piliiHiiliinl Sfritty 

(AB8TBA0TUD rBOM TllK MlNUTBS). 


Preliminary Meeting. 

A meeting was held at the Oollege of Science, on Thursday, 
Ootobor 22nd, 1896, to consider the desirability of establlBhiiig 
a ‘ University of Durham Philosophical Society.’ 

Profosaor Lebour proposed, Mr. £. L. Allhuson seconded, and 
it was unanimously resolved—‘ That, cousideriiig the increasing 
number of persons in this Unnenuty inUrested in the progress 
of science, the time seeniH to have come wheu a Society might 
be usefully formed, ha\nng for its principal objects: (ci) The 
promotion of research; {b) the communicalioii of facts and 
ideas bearing upon scientitic questions; (/) the exhibition of 
specimens, apimratus, and books ; {(f) and generally, that 
friendly intercourse between men working in varions fields, 
which tends to the broadening of the views and sym]>athies 
of isolated specifllists. That such Society be called the 
“University of Durham Philosopbicnl Society,” and that it 
be open to all members of the staffs of the .colleges of the 
University, as well as to past and actual students ui such 
colleges.’ 

Professor Potter proposed, Mr. Linton seconded, and it was 
resolved—*That a provisional committee, consisting of a 
Secretary and six other members, be appointed to prepare a 
ooQstitntion for the Society, and to arrange for the holding of 
the first meeting.* 
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The following committee waa then appointedMr. Aahtony 
Profeasor Howden, Dr. Jevons, Professor Lebonr, Mr. D. W. 
Patterson, Professor Sampson, and Mr. Garrett (Seoretarj). 


November 5th, 1896. 

The first meeting was held at the College of Science on the 
&th of November, Dr. Merz in the chair, when the provisional 
committee presented the following report:—* A meeting of the 
committee was hold at the College of Science on Wednosdaj, 
October 28th, Dr. Jevons in the chair, when a code of roles 
was drawn op, and is recommended for adoption bj the Society. 
The copunittoe further resolved to recommend to the meeting, 
to be held on November 5th, that all persons present at that 
meeting should be original members of the Society, as also 
should all those persons eligible for membership who shall have 
informed the provisional Secretary of their desire to join the 
Society.’ _ 

The following set of rules was adopted :— 

Naioe. 

I.—The Society shall be called the ‘Uwivkrbity op 
Duhhau PniLORornioAii SkiciBTy/ 

Objbcts. 

II —The objects of the Society shall be: (a) the promotion 
of research; (b) the communication and discussion of facts 
and ideas bearing upon scientific and philosophic questions; 
(r) the exhibition of specimens, apparatus, and books ; and (d) 
friendly intercourse between workers in different fields. 

Manaobubitt. 

III.—The business of the Society shall be managed by a 
committee elected at the meeting in the month of November, 
consisting of the ofiioers, and six other members, of whom three 
at least shall be re-elected each year. 
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Offiobbb. 

IV. —Thu ofKcera of tho Society shall be a President, six 
Vioe-Presidents, and two Secretaries (one of whom shall also 
act as Troaanrer). The President uud Vioe-Presidents shall be 
elected annually; tho Sccrularies shall be appointed for two 
yem, but one of them shall retire in each year. All elections 
shall be by ballot. All oificers shall be eligible for re-election. 

Mkmukehuip. 

V. —All past and present stndeiita in the colleges of the 
University, all {last and present ineml>crB of the University, and 
of tho college statTs and eouiieils, shall bo eligible for membership 
of tho Society. Candidates fur election must t)C nominated in 
writing by two members of the Hwiety, and their nominations 
must bo in the Seei'ctaries' hands at least three days before the 
meeting of the Society at which they are to bo proposed. 
Elections shall be by ballot, and a candidate shall not be elected 
unless at least three-fourths of the votes given ore in his or her 
favour. 

Meetings. 

VI. —The committoe shall decide tho place and time of each 
meeting, but m the course of tho year one meeting at least shall 
be held in Newcastle, and one at least in Durham, llie usual 
hour of meeting shall be 7 p.m., and the usual day the tint 
Thursday in November, December, February, March, May, and 
June. It shall bo the duty of the Secretaries to send each 
member a written notice three days before each meeting 

StTBSCRrPTIOK. 

VII. —Each member shall pay an annual subscription of 
five shillings. 

ViSITORg. 

VIII. —Members shall have the privily of introdneing 
friends. 


6 
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The following onicerB were elected for the BesBion, 1896-7 
/’r««uien<.—T uk Veuy Bbv. The Warden. 


V%ee-FT€it%deiUH 

Rev H. P. GciunBY, M.A., D.C L. 

J. T. Mkrz, Ph.D„ 1).C.L 

F&ovKWoa U. H. pHiLii'HuN, M.A., M D., D.C.L 

Rev a. Fluhmkk, M A., U D 

Rev. a. Robehthon, M A., U D. 

Rev H i) Tuiotbah, M A , U D , F R.S. 


Comm%Uiit 


A W Ashton. 
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December 3rd, 1896. 

(At the Cou^EaK ok Sgixnor, Tirs Phkmiiiext in the Cuaik.) 

The President delivered an iimuguml address, and Dr. 
Jevons read a paper on ‘ Savage Science.' 

Professor Lebour opened the diB(;ussioii, and moved a vote 
of thanks to Dr. Jevons, which was seconded by Professor 
lionis. 

ProfossoT Louis said that ho liad visited almost all the 
savage tribes referred to in the paper, and suggested that the 
chief difference between the savage and the savant lay ui their 
attitude towards experiments ; ho quoted from his own expoh- 
enoe with Ohinese miners and other savages to prove that they 
were not so wedded to their superstitions as Dr. Jevons had 
suggested. 
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Professor Brady sag^^ested that drawing conclnsions from 
incomplete data was a fault to which the physician was less 
prone than his patient. 

Professor Samfmun arguc4l that science could bo made exac^t 
by the elimination of hjpotliesc^s, but that it would be disoon- 
nectod and nnintoresting. 

Professor Wright, Dr. Percival, Mr. Hurkhardt, and Mr. 
Chaplin haviiiar also spokfii, Dr Juvons, in reply, contended 
that savages expcninent Iwldly, for did they not discover what 
was good to eat, and what animals (Minid be domesticated ? 

Professor Potter tlicii cxhibitiMl some exjxiriinents to illustrate 
the transpiiation of plants, and also a very Ix'autiful senes of 
drawings of the cltKcases of plants 


February 4th, 1897. 

(At Univkbsity Collkok, Dcrham, thk PnminRNT in the (Thair.) 

The following candidates were elected members of the 
Society.— 

V M A. I AIiAk Kdoar Munbv, B.A. 

, n A I Stanijcv W'atmok. 

AVID WOOIJVC'OTT, B Sc. 

Dr. Merz rcud a pu}K3r on * Education and Instruction in 
England and Abroad,' and a discussion followed, in which 
Professor Louis, Mr Onrrett, Professor Wright, Mr. Burkhardt, 
and Professor fiomjison joined. 

The President exhibit^ a German war modal struck by 
Frederick the Great; a ‘ tecce,' or leaden seal, of about 1500 
A.B., which was formerly affixed to all sacks of wool brought 
into Winchester ; and a document of the year 1308 A.n., bearing 
the great seal of King Edward 1., permitting certain lands in 
Idnoolnshire to be held in mortmain by the Abbey of St. 
Karileph at St. Calais in Franco. 
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March 4th, 1897. 

(At thb CoijJEGK or Soikitck, Pbofsbbob Prujfson (Vigb-Prhiid]uvt) 

IN TllK CUAIB.) 

The following candidates were elected members of the 
Society 

Mn« A F Bryant I W. K, Hit*ton, M.A. 

Mum E B. Ctark. I Wiluam PiiiurHON, Jun., A.Sc. 

A Rpecial ‘Geolo^cal PhotographR Oommittco’ waa ap¬ 
pointed, conBifltiiig of Mr. Garrett, ProfesKor Lebour, Professor 
Loois, Mr. Shaw, and Mr. Stobbs, with power to odd to their 
number. 

A paper was road by Dr. Bolam and Mr R. J. Patterson 
‘ On the Effect of Alternating Currents on the Frog’s Heart,’ 
and was illustrated by cxptTimeiits. 

Mr. Meek read a paper ‘On the Post-Embryonal Develop¬ 
ment of Teeth in the Horse,’ illustrated by specimens and 
radiographs prepared by the author and Mr. Havelock. 

Professor liouis also read a paper on ‘ Primitive Methods 
of obtaining Fire ’ Fn the discussion which followed Professor 
Strond demonstrated the method of using the fire syringe, 
and Professor Potter exhibitetl an old ‘ steel mill.’ 

Principal Gurney exhibited a case of models of diamonds 
lent by Mr. Gregory. 


Thursday, May 6th, 1897. 

(At tuh CoLtiROR or Soibnob, Br. Mkbr (Vicr-Prbsidknt) 

IN THK Chair.) 

Professor Thomas Oliver, M.D., was elected a member of 
the Society. 

Professor Sampson read a paper on ' The Ice Age.’ 

Professor Labour thanked tho reader for his paper, and 
expressed a wish that it might be published; ho also referred 
to Hie great value of the work of Croll on this subject. 
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Dr, Mens wished to know what was Sir Robert Ball’s 
explanation of tho (^nses of the ice age. 

Professor Sampson replied that ho did not appear to have 
offered any explanation. Professor Sampson also endorsed 
Professor licbour’s reference to OroU’a work, and, in answer 
to Mr. Garrett, said that the fall of temperature required 
to produce a glacial epoch hud been estimated nt from IK 
degrees to f6 degrees —»i Hiilfidently wide range. 

Professor Lebour exhibited a luimlwr of rock cores from a 
diamond-boring put down recently ut Bust Ham ton. These 
cores were l■emarknblc ns exhibiting sections of the Ijower Coal- 
measures—a division of the Ciirhonifeious senes seldom worked 
m tills district—nnd especiully iw comprising a thin l)ed of 
shalo 148 fathoms l>elow the Hutton scum, in which a Pt othictm^ 
a and some worm-cases were visible. This is the fu'st 

roconled occnrrence in Durliam of such marine fossils in those 
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On Gkaptolites. 

By AufiXANDKR Mkrk, M So., F.Z.S. 

[Bead December 2nd, 1897 ] 

The excellent materiul recently reported on from Sweden 
and America gives a mneb clearer idea than was before 
attainable of the morphological relationship of these very 
enrions fossils. The structure and mode of growth of some of 
the more primitive forms have been stadiid by Dr. Gerrard 
Holm,* from specimens he was enabled to isolate from limestone; 
and the more dlfTerentiatod Diplogruptns is well illustrated in 
the plates published in a paper by Dr. R. Ruedemunn.t 

From a consideration of these papers and the work which 
has been done in this country and on the Continent with much 
less satisf^tory material, we find that a restatement of the 
relationship of the forma and a consequent rearrangement from 
the simpler to the more complex agrees very f*losely with their 
sneoession in time, 

llie starting point in growth in every case is a* conical 
chitmons strocture, which has been called the sicula. In sneh a 
form as Didymograptus this budded olT a theca on one side, 
and from this second theca a third was developed m sneh a way 
as to tend to preserve the bi-lateral symmetry (Fig. 1). A 

* 189b. Translatiou u the new nenes, voL 11., 

pages 433 and 481 

11894. * Development and Mode of Growth of Diplograptna, 

MoOoy.’ Mw^enm Ji^ri the UMvtnnty of the State qf New 

York (48th Keitort, voL IL, page 219). 
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continuation of successivu and similar buddings led to the 
formation of the complete colony (Fig. 2). The sicula was 
thus crossed on one side by the proximal end of the third theca. 
The crossing part bus been called the connecting canal The 
two arms or stipes were thrown back in such a way as to bring 
the secondary theem into a divergent pc^tion with regard to 
the first theua or sicula in Dicellc^aptus (Fig. 8). A oon- 
tinnation of this tendency to approximate the two branches or 
stipes dorsally, led through Dicranograptus (Fig. 4) to the 
culmination—the meeting and fusion in Climocograptus and 
Diplograptus. But in these forms we now meet with a curious 
and characteristic modification of the sicula The smaller end 
of the latter is continued between the fused arms as a canal— 
the virgula (see Plato III. of Buedomonn's communication). 
Buedemann has shown that the sicula in the case of 
graptus pnati^^ Hall, presents a basal disc or ‘ basal cyst,' that 
is to say, a disc-like expansion at the small end of the cone. 
From near tills disc the wall of the sicula was lengthened at the 
same time that lateral theem were developed near the apertural 
part of the sicula (Fig. 5). The virgula, then, is simply a 
continuation of the wall of the sicula. The basal disc was, as 
will be seen presently, for the purpose of attachment. It 
occurred at what must now be called the proximal end of the 
virgula. It has often been seen in Diplograptus and is quite 
visible in specimenB gathered by the writer at Dobb’s Lynn. 
That the disc was for attachment is clearly shown in 
Kuedemann's account of the remarkable method of multiplica¬ 
tion m Diplograptus. From the virgula and near to the basal 
disc four sac-like outgrowths occur. In these ‘gonongia’ 
siculm were developed and ultimately liberated. Some of these 
siculffi attached themselves to the parent stipe, usually to the 
basal disc, thus forming a colony of stipes. This was repeated, 
and led to the formation of a colony of Diplograpti of different 
generations. Ruedomann's Plate (Fig. 5) demonstrates very 
clearly that these colonies moat have been fixed. It shows 
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part of B dab with many colonies lying so naturally together 
that they must have been preserved in place. Others of the 
siculio escaped from the colony and started de novo. Free 
sicnlffi are very common in the shale from Dobb’s Lynn. 



The author has not seen any efyidenoe which pmnta oondn* 
sively to a fixed condition for Monograptns and its ally, Bastiites; 
but the continuation of the virgula beyond the thecm makes it 
probable this was the case. Monograptns seems to have been 
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a late developed form from tho anppzeBaion of the third theca, 
and the thecae developed from it« This had the advantage 
of allowing a better development of tho virgula. 

Returning to tho primitive Didymograptna, wo now find a 
series of branching forms whi<‘li have a very simple relationship 
with that typo. Tetragraptus was developed, for example, from 
a splitting up and separation of theem fonr and five (Figs. 1 
and 7). Dichograptus presents eight branches developed in 
similar monnor (Fig. 8). Ooenograptns is still further branched 
(Fig. 9). Phyllograptus results from the arms of tho Tetra- 
graptus-liko typo being all brought together dorsally, as is the 
COSO in l)iplogra])bus with two branches. In Phyllograptna, 
however, the viigula was not developtnl, the sicula was buried— 
only the aperture appearing at one end of the compound 
oi^msm.* (Fig. 1 ().) 

The foregoing account of the morphology shows :— 

(1) That in all cases the Graptolites originated from a 
single theca, the sicula. 

(2) That tho sicula came to occupy usnally a reversed 
position in relation to the theem, which were develo[>ed from it. 

(3) That the virgula was developed in connexion with the 
budding being directed towards the proximal end of the sicula. 

(4) That the virgula expanded at the proximal end into a 
disc for attachment, and the subsequent growth of lateral theem 
lod'to the continnod growth of the virgula, so as to keep the 
aperture of tho sicula terminal. The virgula then was 
continuous with tho sicnia, and the area of growth was near to 
tho ]>oint where ib ox|)ands into the basal disc. It is remarkable 
that the chidnous wall of the virgula possessed this power of 
continuous growth, or of stretching and being added to by 
intussnsception. 

(5) That the virgula was not developed in such forms as 
presented two arms, nor in Tetragraptus, Dichograptus, Ooeno- 
graptuB, and Phyllograptus, and all graptolites following their 


Holm, loc> cu. 
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line of departure, Tlio Rtnall, ill developed pointed end of the 
Bicnla in most of those forms does not lend mnoh BU]>port to 
the supposition that tlu'y were lixed. The proximal end of the 
Bicula was (dto^thcr honed up in Phyllop'aptus, and no means 
of attachment are visible. A central disc has been figured for 
Dichograptuft, and if develojKid from the sicula, as is from its 
position more than likely, wc might aseiime with much justi- 
lication that it was fixed like Diplograptns. With thus and 
similar exceptions, ail the forms mentioned above do not seem 
to have posscBsed a means of fixing themselves, nor any structure 
which couhl bo assumed to sustain tlu^m m the water. As far 
us our present knowledge gops, then it must be supposed that 
they had the jiower of moiemeiit and temporary attaclmient 
witli whatever the living contents of the tliciue provided. I’lio 
writer imagines, m short, that the more ]>nmitive were not very 
securely fixed by means of the jKnntcd end of the sicula, and 
that they had the }iower of crawling as \\ell- say, by means of 
tentacles or p^ndopudia; and from these tyjies two lines of 
dojiarturo occurred (1) towards purely crawling forms—as 
PhyllograptuB—which do nob jircsont any means of attachment, 
and (2) towards more purely fixed examples, jHirticularly in 
those presenting a virgula. 

(6) That they were reproduced m u lemarkable manner—at 
least this is so in IkployHq)im —from siculce developed 
in gonangial-like capsules. I'hesc sicuLc ore preserved in £ho 
ca|>8ulc8 as chitinous remains. The starting-point in growth 
in all was a sicula, and it may bo inferred therefore that the 
siculic were developed in all in much the same manner as they 
were m Diplograptns. Nicholson has given the name Dn%v^on%a 
to chitinous pouches of various shaiMi found in graptolite shale, 
and he assumes them to be freed ova capsules. lIoU has 
figured Ikploffraipim ^Yh^ijtfkXdi with gonangud-hke ex]>aDBionB. 

These may have contained ova, but until more of these are 
invesbigated it will bo impossible to assign such remarkable 
forms to a definite place m the soolc^ical senes. The extra- 
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orduuurj aaexnal mobhod of multiplication by means of the 
capsules of siculic —for asexual wo must, os yet, presume the 
siculiD develoi)od in DqHoqiaptus prisHs to be—tc^ther with 
the remarkable ori^iu of the latiiral thecee in such more differ¬ 
entiated forms have no parallel so far as the writer knows in 
known living or other fossil organisms. It is to be expected, 
however, that an investigation of the reproduotion of the more 
primitive, Didyinograptus, will result in showing that we 
have here an attempt at colony building of a lowly type allied 
to the Hydrozoa. The colony building was evidently handi¬ 
capped by the necessity for the essentially hxed ones to keep up 
a weak portion near the base—for.lengthening the stalk; the 
virgula in fact was ill-adapted for supporting a colony. 

(7) It would be easier to recast the classification in the light 
of the preceding statements. It is clear at any rate, that if 
the reading of the relationship given above is correct, the old 
division into Monoprionidm and Dxprioiuihe must be given up, 
and that the branched forms must be removed from Monograptus 
and its allies. A primary division into (1) those possessing a 
virgula, and (2) those without one might bo suggested : bat 
the tusk of rc-clossification 1 leave to others better ac<|uainted 
with the genera, species and varieties. 

The writer begs to take this opportunity of expressing his 
indebtedness to Mias K. A. Smith for converting his rough 
sketch into the figure which accompanies this paper. 
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The Co mbination of Copper and Sulphur. 

By J. OtMtFER, B Sc. 

[Abfltract of a paper read December 3rd, 1897 ] 

When finely divided copper (prepared by reducing powdered 
copper oxide by means of ooal-gns) is mixed with flowers of 
sulphur, and a small quantity of carbon bisulphide added, a 
vigorous reaction takes place, and in some cases sufllcicnt heat 
is evolved to make the carbon biHiilphlde boil. The action is 
most vigorous when four parts of copper are mixed with one 
part of sulphur. Beduced copper was then treated with a 
solution of sulphur in carbon bisulphide (containing an excess of 
sulphur, when chemical union took place and a product 
obtained which contains 79*16 per cent, of copper -cuprous 
sulphide contaimng 79*68 per cent 

Similar experiments were made aith other metals in place 
of copper, either by mixing the finely-divided metal with flowers 
of sulphur and then adding carbon bisulphide, or by immersing 
a strip of foil in a carbon bisulphide solution of sulphur. It 
was found that zinc, mercury, iron, and silver give sulphides 
under those conditions, bnt that aluminium and platinum 
do not. 

It has been suggested that a solution of sulphur in carbon 
bisulphide might be used as a lacquer for copper, but the 
deposit is removed so easily that it is not suitable for this 
purpose. 
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O n Ductl ess Glands and their Internal 
Secretions. 

By Okorob R. Murray, M A,, M.D., F R.C.P., Heath 
IVofooeor of Comparative Patliology. 

[Abitract of a paper read February 3rd, 1898] 

I propose to speak this evenini' for h short titno on a subject 
which of late has attracted the attention of physiologistB and 
pathologists to a considerable extent: the ductless glands and 
their internal secretions. I shall l>c obliged to use as illustra¬ 
tions some facts which belong rather to medicine than to 
pathology, but which are so germane to my subject that they 
cannot be omitted. One of the great objects of this Society is 
to enable those members of the University who ore engaged in 
research weirk to bring forward the results of that work before 
their fellow-workers in other branches of this University, so 
that the results detailed from time to time at these meetings 
give a good indication of the kind of work that i# being done. I 
wish in passing to emphasise the fact that research is un¬ 
doubtedly an important part of the duty of every University, 
and the more it is encouraged the better for the University. I 
propose, therefore, after a few introductory remarks, to devote 
the greater part of the time at my disposal to bringing before 
you the results of experimental work carried out by myself in 
Newcastle in connection with one of the most important of the 
ductless glands, the thyroid gland, and its internal secretions. 

The secretory glands of the body may be divided mto three 
classes :—1. Those which have an external secretion ; 2. Those 
which have an internal secretion ; 8 Those which have both an 
external and an internal secretion. 

As examples of the first class may be mentioned the sweat 
glands, with the secretion of which wu are all familiar on a hot 



gnminer B day, or the saliTary glands, whose secretion may be 
copious after fasting at the sight of food, when the mouth is 
said to “water'* In both sets of glands the epithelial cells 
secrete a diud which is carried away from the gland by a definite 
tube or duct. 

In the second class we find the thyroid gland, and probably 
also the supra-renal bodies and others. These glands have no 
duct, the secretion being absorbed fmd carried away to other 
parts of the body by the lymphatics or veins. 

In the third class we may place the liver, which secretes bile, 
its external secretion, into the intestine, while the glycogen, 
transformed into sugar, passes as an internal secretion into the 
blood stream. The jiancreas also belongs to the same class, its 
external accretion being also discharged by its duct into the 
intestine, where it plays on important part in the digestion 
of food. There is strong evidence to show that there is also an 
internal secretion, passing into the blood, which is in some way 
connected with the nsing up of the sugar, for we kiTow that the 
removal of the ])ancreas from an animal is followed by the 
development of acute diabetes; and tliat this can be prevented 
by grafting th^ pancreas under the skin, so that the external 
secretion escapes from the body altogether, and only an internal 
secretion conld be absorbed 

We will now pass to the consideration of the thyroid gland, 
which consists of two lateral lobes joined by the isthmus lying 
across the front of the neck. In microscopical examination we 
find the strncture to consist of closed alveoli lined by cnbical 
epithelial cells Th^ secrete the colloid substance which fills 
the central portion of the alveolus. Tliis secretion escapes into 
the lymphatics either by small passages lying between the 
epithelial cells or by the rapture of the alveolar wall. This 
structure is shown in the lantern slides. Now, we can learn a 
great deal about the uses of the secretion by seeing what 
happens when the gland is removed and the supply of secretion 
ont off. In fishes no effect has been observed. In lisarda there 
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is flleepinoss, BlownesB of movement, and doatL In finakes pro- 
gresaive losa of power, casting of the slongh, and death. In 
rabbits there maj be acute symptoms, tremor, muscolar rigidity, 
and dyspnoea, ending fatally in a week, or, as in some of my own 
experiments, a slow development of symptoms daring a year or 
more. In these there was gnidnal development of hebetude, 
increase in bulk, dry skin, and loss of hair, as shown in the slides 
before you. 

So also it has been shown by Horsley that similar symptoms 
gradually appear in the sheep and donkey. The most important 
results have been obtained with monkeys; and it has been found 
by Horsley and by myself tliat in these animalB the symptoms 
following the removal of the gland closely resemble those which 
occur when it is diseased in man. In monkeys, after tlie fifth 
day acute nervous symptoms appear unless the animal is 
kept at an exceptionally high temperature, when they are 
deferred. Tliero are tremor, clonic spasms, loss of power, 
epileptic fits, raised and irregular temperature, followed by a fall 
below normal, mental dulness, decrease in number of red 
corposcles, increase in the number of white, myxoedematous 
swelling of the skin, especially of the face, as shown in the 
accompanying slides. Death follows m three or four weeks. It 
was by these experiments that Hors ](7 was able to show that 
myxoedema in man was due to disease and loss of function of the 
thyroid gland. 

This condition of myxoedema occurs in man when the 
thyroid gland is rendered useless by disease. These slides show 
yon such a gland, which has undergone fibrosis, and in which 
Boaroely any of the original gland substance remains. The same 
condition resnlta when the gland has been entirely removed by 
operation for goitre. In man the most important symptoms are 
myxoedematons swelling of the subcutaneous tissue, loss of hair, 
subnormd temperature, loss of mental and bodily activity, and 
in some cases insanity. The appearance of such cases is well 
diown in the slides. These symptoms in animals and man 
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having been proved to be dne to lose of function of the thyroid, 
attempts were next made to restore that function. Thus Yon 
Riaelsberg showed that in animals the usual Bytoptoms induced 
by the removal of the thyroid could be relieved by grafting the 
gland into another part of the liody; and Horsley suggested the 
treatment of myxocHicma in man by grafting a piece of healthy 
gland tissue in order to restore the lost function. This sugges¬ 
tion was at!ted upon by two Kpaniards, who noticetl an immediate 
improvement in a case of myxot*dema thus treated, which they 
attributed to the absorption of the jnice of the grafted gland— 
on improvement, however, which in some cases hns only been 
temporary, owing to ultimate atrojdiy of the graftetl gland. 
This led mo to suggest and carry into effect the treatment of 
myxoedema by the contmued internal administration of an 
extract of thyroid gland, in order to mam tain a constant supply 
of the lost luternal secretion. 

Tlio chart I now show you illnstratca the effect of injections 
of thyroid extract in a monkey, in which myxoedema had been 
induced by removal of the thyroid gland, and you will see that 
under this treatment the symptoms all disap])cared. I'lie same 
holds good in man; and you will see from thCBo slides of cases of 
myxoedema, before and after treiitment by thyroid extract, how 
completely the lost function of the thyroid gland con be 
restored by tlie continued administration of thyroid extract, and 
yon will now readily understand that unices the supply is 
continued permanently the symptoms will return. 

Cretinism is simply myxoedema occun’ing in childhood; 
and those slides will show you the good results of the thyroid 
extract in this disease. 

In conclusion, I wish to draw your attention to the com¬ 
pensating hypertrophy which a portion of the thyroid gland 
undergoes when the rest of it has been removed. From this 
slide, taken from a specimen of my own, you will see tiiat under 
these circumstances the colls lining the alveoli become columnar 
instead of cubical, there is folding of the alveolar wall, and the 
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number of alveoli is increased to enable the small remaining 
portion of the gland to carry on the work of the whole. It is of 
groat interest that similar changes ore found in the thyroid 
gland in another disease, exophthalmic goitre, in which theio is 
strong evidence to show that the symptoms ore dne to an over¬ 
activity of the secretory function of the gland. 

I trust that the facts 1 have brought before you are sufficient 
to show that the ductless glands play a most imixirtant part, by 
means of their internal HecrcLions, in both health and disease. 


7 
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Notes on the Geoi/xiy op Finland, 

By Principal H. P. GrRKKV, M.A., D,C.L , P.O.R. 

The Seven til International Geological Congress was held jn 
St» Petersburg in September, 1897. It was at least as snccessful 
as any of its predecessors. The Organizing Committee spared 
no trouble to make the l>est possible arrangements. Every 
mineralogist and geologist in the Russian Empire, from the 
President of Honour, His Imperial Highness the Grand Duke 
Constantin Constantinovitch, the President of the Imperial 
Academy of Scicnoe, d(mn to the students in the Universities, 
welcomed the visitors with hcartinoss and enthusiasm, and vied 
With each other in their efforts to show tliem all that was best 
worth seeing in their special districts. Expeditions were con¬ 
ducted to the CancaauB, the Urals, Esthonia and Finland. The 
last-named was one of the most popular. More than 150 
ropresenbatives of nearly a score of nationaliticB entered their 
names for the excursion to the Grand Duchy. The great 
interest attaching to the remarkable development of pre- 
Cumbrian crystalline rocks in the heautiful Ijand of Lakes was 
enhanced by the personal interpretation of the able and oonrtcons 
Dire<'tor of the Geological Commission of Finland, Dr. J. 
Sodorliolm. Prof. Baron De Geer and Drs. F’rosteras and 
Hackmann expounded the glaciation of the mainland, and Drs. 
Ramsay and Berghell took charge of parties daring the visit to 
the island of Hogland. 

A remarkable appoaranoe of persistence of land towards the 
north has long been recognized. All Finnish and Swedish 
geologists are agreed that the formations observed in the whole 
territory of Finland and Eastern Sweden are of pre-Cambrian 
age. There is no trace of monntain-making processes, nor 
of any considerable eruption of igneous rooks in this r^ou 
during post-Oambrian and the youngest pre-Oambrian times. 


Whilo in other distriota geographical changes have over and 
over again completely transformed the surface of the globe, 
these northern lands appear to have more or less successfully 
defied the inroads of the sea. If they have been submerged, 
all traces have been removed. During long ages, the rocks of 
this most ancient continent have been continuously worn away. 
They have furnished materials out of which many thousands of 
feet of newer strata have been in turn constructed. For the 
most part they are sedimentary derivatives from yet older beds, 
and originally they must have been of enormous thickness, 
probably greater than that of all post-Cambrian formations. 

More than onoe, with patriotic pride, Finns have boosted of 
the extreme antiquity of their fatherland* In a speech at a 
banquet at Helsingfors in honour of the visit of the members of 
the International Geological Congress, Mr. Mechelin, President 
of the Municipal Council, went so far as to trace a certain 
harmony between the geological structure of Finland and the 
national character. In proposing the toast of the members of 
the Congress he remarked:—“ II y a une certain harmonie 
entre la formation g^logiquo do la Finlande et le caractire 
national. I^tablis snr une terro solide qni n'est expose ni k des 
tremblements nl k dos irruptions volcaniqnes, nous sommes 
une race tranquillc qui, s'appuyant sur ses bonnes lois, 
n’abandonncra jamais le chemin do revolution normale.’' 

It IB then to this far-off period, the most remote in the 
record of the rocks, that the Geological Commission of the 
Grand Duchy refer the chief fonnaiions of Finland. Followed 
into Lapland, beds of Cambrian age are found to rest upon 
them unoonformably. They are classified in two great groups. 
The younger of those, which includes pro-Cambrian sediments, 
which are still clastic or semi-clastic, is separated by a distinct 
unconformity from the older rocks and called Algonkian—or 
ArduDOKoic—or Protoroxoio. The latter ore described as 
Archaean, but it should be noted that Dr. S^erholm does not 
accept the distinction between the Algonkian and Arohean 
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which hafl been made in America. For him, Archaean is a 
term covering only the oldest pre-Oambrion basal beds, with 
only locally a distinct chronological valno. In Southern 
Finland, each group Is divided by an unconformity into two 
natural sub-groups. The unconformity among Archaw rocks 
is often obscured by mctnmorjdiiHm and by the intrusion of 
granite on an extensive scale. The upper formations of the 
Algonkian series arc distinguished as Yotman, the lower are 
called Yatulian. The former beds are represented by an olivine- 
diabase on the western coast in the Bjorneborg district, and on 
the eastom side by some gabbros lying to the north of Lake 
Ladoga. But the most noteworthy member of this ^ries is the 
remarkable porphyritic granite called iapakxvty which occurs in 
several localities in southern Finland, its most exteusive 
development being along the soutfiern coast from Viborg to 
Lodovisa. This gmnite-covcnKl tract strotches inland to the 
northwards for some distance, and at a moderate estimation 
extends over sopio 4,500 square miles. It is a handsome stone 
capable of reoeiving a good polish, and it has therefore been 
extensively used in the erection of the public buildings and 
monuments of 8t. Potorsburg The lighter-coloured \ariety is 
the more durable. The diirker variety bus proved unable to 
resist the severities of the Knsaian climate. In interiors it 
lasts well, but exposed to weather it readily disintegrates, and 
the trouble and annoyance thus caused ha\o given rise to the 
contemptuous name rapttkmj the rotting, or, decaying stone. 
An excellent example is found in that handsome feature of the 
oorthem metropolis, the celebrated Alexander coluiuu. This 
greatest monolith of modem times was originally 102 feet long, 
exclusive of pedestal and capital. The shaft has now been 
shortened to 84 feet. It is sadly fissured, and, although 
carefully repaired with cement, it is considered to bo in a 
perilous coudition. 

Kapakivi is a hornblende-biotite granite. The oharaoteristio 
of both varieties is the presence in a coarse-grained aggregate 



94 


of phenoorystfl of roundish baU-shapod orthoelase novor found 
with crystalloid boundary-faces. The ballfl range generally 
from 2 to 8 inches in diameter, but are sometimes larger. 
Occasionally they contain zonal mclusions of other constituents, 
and they vary in colour from brownish-red to rose-pink. They 
are surrounded by a rind of oligoclase of greyish-green tint. 
The latter is said to be the port affected by the weathering 
when the ortboclaso-nuclouR falls out. Hornblende and hiutitc 
(var. lepidomelanc) are present in er]ual quantities, imd acces¬ 
sories are zircon, magnetite, ilmenitc, a]>atitc, and fluor. In 
the darker variety, the blackish quartz is irregularly bounded, 
but in the lighter the crystal-faces are well devi^loped. We 
should also add that Finnish geologists sometimes apply this 
name rapah>vi to all holocrystalline granitic rocks of pre- 
Cambrian 1^0 containing phenocrysts of orthoelase, even when 
the latter are not coated with oligoclase. 

The Yatulion diorites, quartzites, and conglomerates are 
chiefly developed in the north of Finland. The only locality 
whore the writer had the opportunity of observing them was 
the island of Hbgland. 

Below the Algonkian strata, and separated from them by a 
marked unoonformity wherever they occur together, we find the 
Archaean beds. The must interesting formations of the npper 
division of this series are the Bothnian Schists. Above them 
are granites, sometimes intrusive and Bometimes exhibitmg a 
gneissic character; and older than the Bothnian Schists are 
extensive beds of metamorpbic granite, and Dr. Sulerbolm's 
“ granitized mica-schists,” which may perhaps bo more accurately 
described as finely foliated gneiss. The upper Archasau group 
is well developed about Tammerfors, the younger beds lying 
more towards the north. The Bothnian Schists stretch from 
the Gulf of Bothnia in considerable patches almost due east and 
west, passing between the granites and the town. In other 
districts they are said to be represented by nralitic porphyries 
and gabbroe. All these beds rest unconformably upon another 
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aeriw of granites, diorites, gabbros, sobiflts, and gneiss. Among 
the pebbles in the Botlinian Conglomerates, there are fragments 
of syenitic granites and dioritcs, cdoselj resembling the diorites 
connected with the older grey granites. The latter do not 
penetrate the younger schists, but in Lavia they are brecoiated 
at this contact. These Archtuan formations in tnm overlie an 
unknown thickness of very ancient granitoid gneiss, which is 
developed in the district lying to the north of Lake Ladoga, 
and which, being identified by the Director of the Geological 
Commission as the most ancient rock in Finland, has been 
called by him Katarcbman. 

The Bothnian Hchists of Tammerf ors are specially interesting, 
not only because their original conglomeratic character in 
certain places can be sometimes clearly traced, frequently in the 
Tommerfors district being remarkably fresh and distinct, and 
not unlike certain conglomerates on the western coast of Scotland 
in appearance, bat also because they have been described as 
foBsiliferous. But although one may theoroticaUy admit that 
conditions daring which b'fe was possible probably obtained 
daring a pre-Cambrian ^riod far longer than that covered by 
the post-Cambnon systems already recogmzcd, it was felt by 
many members of the International Geological Congress that 
extreme caution should be exercised in accepting the evidences 
of organic life at the remote epoch when the Bothirian Schists 
were being formed, seeing that they are separated from the 
Cambrian Series by three unconformities and the whole of the 
important series of Yotnian and Yatulian beds. The grounds 
on which the Goologicd Commission claim to have proved the 
existence of life during the Bothnian period are the not 
infrequent presence of carbdnaceoaB matter in these phyllites 
in thin bands, and also lining small cavities, which are 
claimed as casts of fossils, and traces of structure in this 
carbon. In order that the members of the Congress might 
satisfy themselves by actual inspection of these phenomena, 
arrangements had been made to convey them in two large 



barges, roughly but suffioiontlj prepared for their aocom- 
modation, which were dragged by steam-tugs for 10 or 12 
miles up Lake Nusijtirvi, which lies to the north of Taiumcrfors. 
The party arrived at the locality in due course, and with some 
difficulty effected a lauding upon rocks whose iiuturul slipperiness 
was enhanced by the drizzling rain, for which we found Finland 
famous. The result might have been foreseen. Many worthy 
scientists soon lost their footing. Bruised and smarting, some 
refused further to imperil lives so valuable to human progress 
and resolutely awaited our return. But the rest of us, after 
much struggling and scrumbling, sometimes on all fours, over 
slimy rocks and greasy ledges, reached a Gortain«belt of these 
phyllites, where Dr, Bcklerholm ^loinbed to some curious calceo- 
late impressions from 1 to 5 inches long and about 1 to 1| 
inches across. They are outlined by a weathered rim of a 
carbonaceous character, somewhat like graphite. They lie in 
bands approximately parallel to the slates—evidently of sedi¬ 
mentary origin—m which they occur. Sections have been 
carefully prepared and exaiuined by the best niicroscopiste of 
St. Putcrsbui^. Traces of organic strncture have been plainly 
found in this carbonaceous layer, which, be it remembered, 
seemed, at a liberal guess where we saw it, about 0*01 inch 
thick. Dr. SMorboIm was convinced of their organic origin 
and almost sure that they were remains of v^etublo organisms. 
The party made their way back to their barges, some with 
abraded limbs and aching bones, silenced, if not completely 
convinced. 

It will bo romombered that Sir K. 1, Murchison reported 
the occurrence of Eozoon Canadense in some schists near 
Yiborg. But no reference was made to it by the Geological 
Commission. 

Subsequently, the party landed on several other islands, and 
traced the Bothnian Schists from point to point. In some 
localities, there was unmistakable evidence of their clastic 
origin^ but no fossils were found. 
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Next day, the party travelled to Kuloveai, which lies an 
hour or two to the west of Tammorfors. They were then 
condncted to a chIT in some woods about miles from the 
railway-station, where tlioy were sliown an interesting section 
of Bothuiun (Conglomerates metamorphosed into n fine-gnuned 
gneissic schist, rich in felspar, hut with comparatively little 
mica. Although quite gnoissic, the original conglomeratic 
character could be very plainly traced. In some places, 
lamination was obsorval)le, which was attributed to false 
bedding in the conglomerate. 

It is calculated that the total thickness of the Bothuian 
Schists and interstratified Conglomerates may be not less than 
18,000 to 16,000 feet. 

A special train was at the service of the party, and much of 
our time was spent in it. Many localities wore visited, where 
interesting geological sections occurred, either m railway- 
cuttings or in the ndjaccut country, especially such as were 
considered to establish the views held by the Commission, 
For example, near Orihvesi, some hours were spent in tlio 
examination of a contact between the Bothnian Schists and the 
granite-rocks. In one portion of the section, the granite con¬ 
tained porphyritic crystals, which did not occur in other parts 
of it. The members of the Commission held that this granite 
should be referred to two distinct formations. The porphyritic 
granite was stated to be older than the schists which were 
deposited upon it, and which included fragments of it. Another 
part of the granite, which was non-porphyritic, and was stated 
to contain tourmaline, is evidently intrusive, and therefore 
younger than the gneiss in which its veins oonld be plainly 
traced. It was maintained that this being a lighter colour and 
finer grain had no connexion with the older mass. This section 
was traced for more than a mile, for it was understood that the 
relative ages of the granites and the gneiss were considered of 
great importance in determining the age of large masses of 
granite to the south. There could be no doubt that the non- 
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porphyrltic granite was intmsive, but many of the party 
thought it by no moans clear that the contact between the 
gneiss and the porphyritic granite was a mechanical one 
Superficial observations failed to show any essential difference 
between the two granite's. Even the |)urphyritic character was 
variable, and tlic tonrmalino was apparently very local in its 
development. The so called included fragments appeared to be 
parts of veins, and the colour was by no means constant. After 
an interesting discussion, in whicb widely diverging opinions 
were uncompromisingly expressed, most of the geologists present 
were unable to adapt the official view, as they were of opinion 
that the granite was all part of the same formation, and that it 
was intrusive and all younger than the schists. 

The Geological Congress inspecUxl many fine s{iecim6ns of 
the metalliferous ores of Finland, nob only at the museums at 
Helsingfors and St. Petersburg, but also at various localities 
visited in the Orand Dueby. At Tammerfors, for example, 
attention was specially invited to some curious water-worn 
concretions of iron ore, al>out 1 inch in diameter, said to be 
found in abundance in the neighbourhood. The time at the 
disposal of the party did not permit personal inspection of the 
mines. But numerous magnetite and spathose iron-ore deposits 
occur in profusion all over the country. Copper, tin, zinc, lead, 
and silver ores, auriferous sands and amber are also worked 
advantageously. Many of these ore shown on Prof. Von 
Moeller's useful map of the ore deposits of Russia in Europe, 
published in 1878. Perhaps the best known copper and tin ore 
beds are those of Pitkaranta on the north-eastern shore of Lake 
Ladc^o, but the pro<lucbion of tin is not large. An excellent 
description of these interesting mines, by Dr. Tornebobm, will 
be found in the Geohgxska Fwrmingma t Stockholm F^hand- 
tingar^ 1891, vol. xiii., page 318. That writer’s map shows the 
rapakivi outcrops occurring quite near the ore depoaLts. 

In Southern Finland, the ancient rocks are sometimes 
oovered with glacial clays and sands, Post-glacial beds with 
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nnmcrouB shells sach as Cardtum^ Liiortna^ Ttlhiia^ 

etc., also occur, not infreniiently forming terraces, or raised 
beaches. But the most noteworthy remains of the Quaternary 
period are long high narrow ridges, chiefly composed of sands 
and gravels, and distributed widely without ajiparent reference 
to present physiographic features. These asor are similar in 
some respects to the nu'rs of Norway, the kamt^s of Scotland, 
and the eskers of Ireland. Sometimes they cannot l>e satis¬ 
factorily distinguished fnnn the arenaceous glacial beds on 
which they stand, but more often they rest directly upon the 
ancient rocks. These huge embankments ]>aBa in lung windings 
across vast tracts of country. Some of them can be traced 
right across Finland and into Scainlinavia. Occasionally they 
present striking resemblances to river-courses, coalescing and 
forming hollows, whicli are frequently occu])icd by lakes. 
Sometimes tlie Ssar are composed of coarse gnivel, shingle or 
earthy detritus. The stones are water-worn, especially at 
moderate elevations. Ermtic blocks ore rare m their interiors, 
although they are not uncommonly scattered over their surfaces. 
In flner grained beds the Htratilication is often well marked and 
false bedding not infrequent. In some cases, the planes of 
stratiflcation towards the surface more or less correspond to the 
external slope, which seem to indicate that these fisnr are 
original forms of deposit, and not the result of the erosion of 
more extended strata. Home of them are 200 feet high, and as 
the country is gently undulating and well furnished with wood 
and water, magnificent panoramas are obtained from their highest 
parts. At the base, they are sometimes 500 to GOO feet across. 
Taramerfors, the Manchester of Finland, is partly built on on 
fis, which, forming a natural dam, keeps the waters of Lake 
N^ijkrvi at a sufficient height above the level of the southern 
lake, Pyhajarvi, to obtain water-power for all the mills and 
factories of the town. 

No organic remains have been found in fisor, but their 
external slopes are sometimes covered with au orgiUaoeons 
deposit containing shells of ABtartB^ Cyprina^ and NoHea* 
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The party had the pnvilego of hearing many addressee in 
Tarions Inngaagos from eminent geologists, who attempted to 
explain the ovigm of the asar. The theories were very con¬ 
flicting, bat might bo grouped as glacial, flanatile, or marine. 
The groat length, the narrow section, the winding character, 
and the branching of tlie &8ar present peculiar diflSculties. 
They arc clearly to l>e distinguished from the terminal moraines 
of glaciers, the latter being nnstratiiied and more limited in 
extent and lying with their axes at right angles to the glacial 
strirn ; but it was argued that they might have been produced 
by floods caused by the rapid melting of vast masses of snow 
and ice. Others suggested that they were the rAreating deltas 
of turbid streams, issuing from the base of glaciers during a 
period when they were shrinking. Possibly they might indicate 
the courses of i>erfiistent channels in the ice floes, when the 
country was covered by the glacial sen, along which, for con¬ 
siderable periods of time, iocbt'rgs travelled, gradually dropping 
the solid matter they conveyed. Another explanation was that 
they marked ancient river-courses. In a country co\ered with 
sand, rivers formed their beds, and then deposited coarser 
materials throughout their length, which resisted the denuda¬ 
tion that removed the circumjacent strata. Lastly, they were 
compared with the submarine banks sometimes formed within 
the sphere of action of tidal currents sweeping along the shore. 
Those of UB who were not committed to any theory thought 
that no single one then explained to ns could satisfactorily 
interpret all the phenomena to be accounted for. 

At the close of the excursion the party visited a rocky 
island in the middle of the Gulf of Finland called Hdgland, to 
which the writer bod already referred. Although only about 6 
miles long and less than 2 miles across at its widest part, it 
bears to Finland a geological relation similar to that which 
Britam bears to the Continent of Europe, for most of the 
formations of the mainland are represented upon it. It also 
offers some fine examples of glacial erosion, and its raised 
beaches clearly indicate the variations in level of the anoient seas. 
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The eastern side of the island has a picturesque outline^ 
formed by a series of liills which stretch from north to south, 
and sometimes raise blieir summitg upwards of 500 feet above 
sea-level- These highlnuds are covered with a quartz-porphyry, 
which our guide, Dr, Willielm Kamsay, who had spent some 
years in working out the geology of Ilogland, correlated with 
the rapakivi of the mainland If so, tlicse strata would bo of 
Yotnian age. They arc ivrtainly the youngest^ of tlwse insular 
ancient beds The porphyry generally exhibits a micro-granitic 
or micro-pegmatitic structure, with large crystals of orthoclase 
and quartz, but it becomes felsitic and even vitreous near its 
contact with the older rocks Tliat it has been mmud vertically 
since its formation we may conclude from the friction-breccias 
which it contains along the eastern coast of the island 

The quartz-porphyry contains fragments of an luter^ting 
rock which Dr. Ramsay called a labrador-poriihyrite, or porphy- 
ritic diabase. 1'his is an eruptive rock of dark green colour 
and fine-grained texture. It contains slender, light-oolourcd 
felspar laths and much epidote. It underlies the porpliyry, and 
is accompanied by beds of tuff containing fragments of the 
conglomerate on which it rests. 

This conglomerate is a hard sandstone with pebbles of the 
subjacent older quartzite. It has a slight dip towards the east, 
and is of about the same age as some fine-grained quartzites by 
which it appears to be represented in certain localities, as on 
the nest of the rock of Majakallio, and which are changed into 
homstone, where overflowed by a labrador-porphyry. 

Much more ancient than the above are another series of 
quartzites and some eurites. These beds have been violently 
dislocated, folded, contorted, and partly denuded before the 
deposition of the newer quartzites and conglomerates. At 
Purjekallio and bomerinvuori, the latter form the tops of the 
hills, and rest upon the abraded folds of the first-mentioned 
beds. Owing to this unconformity, the older quartzites and 
eurites are considered by Dr. Ramsay to be of Tatulion age. 
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In the north and Bonth of the island, beds of highly- 
contorted gneiss and crystalline schists are found. In the 
centre of Hogland, these strata appear to be represented by a 
gabbro, composed of labradorite, partly replaced by sanssurite, 
oligoclase, actinolite, and uralitc. These are evidently the 
roost ancient beds in this island, and Dr. Kamsay called them 
Archcean. They have all been strongly contorU'd, and some¬ 
times are much folded. A reddish granite has intruded into all 
of them, and they frequently contain veins from the parent 
mass, which comes to the surface in the extreme north and 
south of the island. This granite never penetrates the ancient 
quartzites, or enrites, or any of the newer rocks. It is therefore 
considered to )>e the youngest representative of the Arclncan 
formations of ITogland. 

Another party devoted their day entirely to the glacial 
geology of the island. They made a profitable exenrsion under 
the direction of Dr. Bcrghell. The section who accompanied 
Dr. Ramsay were primarily intent on studying the more ancient 
rocks, but incidentally many traces of icje-aotion were seen. All 
r^retted that it was necessary to return to St. Petersburg that 
night, as the first meeting of tlie International Geological 
Congress uas held on the following afternoon. But every 
member of the Finland expedition will always remember the 
great kindness, courtesy, and generous hospitality with which 
they were everywhere received during tlicir brief travels in that 
interesting and ancient country, and they feel that their grateful 
acknowledgments are specially due to Dr. S^erholm and Dr. 
Ramsay and tlio staff of the Geological Commission. 
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APPENDIX.—Pbb-Cambrian Formationh ok South krk Fiklaio). 


FormAtioni. 


Grand Duchy of Fiuland HiigUnd Island. 

I Dr. J. J. S^^erholni Dr. Jd. W. Ramaay. 


Yotnian. 


Olivine-diabaae. 

Sandstone. 

Hapakivi. 

Gabbrofl 


Quartz porphyry* 
Dabrodor-porphynte. 
Conglomerate and 
quartzites. 


nN(X>NFt)RMITy 


Yatuhan 


Absent in Southoin 
Finland, roprosentefl 
in Northern Finland 
by quartzites, etc. 


Quartxitos and enrites. 


UNISON FORMITN 


I Upper Archluan, 


ItitruHi\ o granites 
Hed gneisHic granites 
Bothnian Schists and 
ConglomerateH 
UrahU )x>rph)i ites. 
Schists 


Red intrusive granite. 
Uralitic-gabbro 


UN(*tl>K()KMlTl 


I Tx>wqp Arohaian 

I 

I 


Granites, gabbros, etc 
(ineiss and crystalline 
Hchists. 


CnoiSH and crystalline 
schists. 


Granites and ^cisses 
of Kastem Finland. 


Katarchiean. 
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A n Accoun t of a Journey through Russia in 
THE Late Summer and Autumn op 1897. 

By L L, Bsukpantk, M Sc. 

[Road March .3rd, 1898.] 

On Sunday, July 26th, my friend, CharloR Palache, and I 
arrived at Warsaw, the ancient capital of Poland Enoirclod 
by ita fifteen forts, it rises on an outlier of Fola'occnc above 
the vast Drift-plain which stretches eastward deep into Holy 
Russia, and westward and northward to the Baltic. Hence it 
IS a W hours’ journey, some 760 miles, to Moscow, the White- 
walled City. The track is laid mostly in sand-ballast, and 
in those hot July days and nights the dust blown up into 
the railway-cars formed an excellent illustration of a Moess- 
deposit,’ encrusting hats and coats, and mgs and seats, 
and everything. The train bore us along through a fairly 
fertile country, oak, lime, spruce, and pine-forest alternating 
with rye- and potato-fields. As we near Orsha and Hmolensk 
the landscape assumes a more open and hilly cliaracter; but 
although we watched eagerly for the outcrops of Devonian, 
OarboniferouB, and Jurassic, wo failed to discern any After 
passing Borodino, the railway follows the watershed, running 
parallel to the valley of the Moskva amid the typical scenery of 
Central Russia: an undulating prairie, with hills, some flat- 
topped, scattered irregularly about m it, and seamed by small 
watercourses. Ah this country was originally a forost-rcgion, 
bub the march of oivilusation has swept away the forest, and 
turned the land to arable and pasture. 

Moscow, like Rome, is built on seven bills, some of which are 
about 500 feet above sca-lovel, the normal level of the river 
being ehout 370 feet. On one of these stands the ancient 
citadel and palace of the Tsars, the historic Kreml. Here the 

8 
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Lower Qlacial Sands rest on Volgian and Jnmssic, and these 
again on Carboniferous Limestone. It is on this limestone tlmt 
the foundations of the great buildings of Moscow repose: as, for 
instance, the vast gilt-domed Cathedral of the Saviour and the 
piles of the bridges. The water-Bupjily of the city is obtained 
from springs 12 miles away, coming out below the Lower 
Glacial Sands. The Drift-cleposits in this neighbourhood are 
classified by Nikitin os follows:— 

I Upt>er Sundfl seen in small hills. 

2 . Unatratiflod roihliuh brown Boulder Clay, sandy and marly, 
0011 taming erratics of crystallme rocks from Fmlond and 
Olonets, and of setlimentary rocks fron^the intcT>ening 
country (Catbomferous limestones and cherts). 

3 Lower Sands, red and yellow, mtorbeildod with gravels. 

The city is jwved with pebbles andi boulders from the Drift. 

South-west of Moscow nse the Vorobievy Qora, or Sparrow 
Hills, among birch-woods which Peter the Great planted with 
his own liands. Here may bo scon a succession from the 
Kimmeridgian upwards, through Yolgian, Neocomian, Gault 
and Aptian, to Boulder Clay. 

It may bo well to explain here that the exact horizon of the 
Volgian is still a subject of dispute among Russian geolc^ists. 
Nikitin thinks that it is premature to correlate precisely this 
formation with any of those of Western Europe, but regards it 
us equivalent to some of the upper horizons of the Jurassic and 
lower horizons of the Neocomian. In confirmation of this view 
he points to the fact that there is a TiOwer Portlandian fauna in 
the lower portion of the Volgian, and a Lower Neocomian fauna 
in the upper portion. Bogoslovsky s 4 p:ees, on the whole, with 
Nikitin ; but Pavlow does not accept even the term Volgian,” 
and regards the deposits which are so called as entirely Jurassic. 

On July 29th, some of us took part in the excursion down 
the river to Miachkovo. Here there is a magnificent section of 
Jurassic resting directly on the Carboniferous Limestone. This 
limestone is the so-oalled Moscovian, the middle division of the 
system in Russia, and is extremely rich in f ossilB. 
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Oil Friday, July doth, jnst after sundown, we incmiierH 
of the Geological Congrenfl, left Moscow by the Uitusnn rail¬ 
way, m a special tniin comiioscil of 13 corridor-cars, and tlie 
next morning found us at Kiajsk. Thence wo turned due 
east Via Morshansk luul Pon^^a to Batraki, wliore on Sunday, 
August Ist, we set eyes on the Volga, the mightiest river 
in Knropo, for the first time. From Moscow to Biajsk 
the train had curried us over Volgian, .rurassic, and Car¬ 
boniferous rocks during the hours of darkness. But with 
dnyhght wo were running over Boulder Clay and drift-deposits, 
topped by loess-cdays, terrace clays, et(; (of ])luvial and icolian 
origin) These are co^ ered by the famous rhej noztem or black 
earth, ndi in liumua, lime, and zeolites, and the forest-cartli, 
clmractenseil liy siliceous efHorestjences. Here, within the 
memory of living man, the stcjiiws have lieen converted 
into arable land, and much of the forest has been cut down. 
Latterly an Imjicrinl Rescript has put an end to the destruction 
of forests in ('entml and Southern Russia: it is now the law 
that forest-land must always remain forest-land. The soonety 
reminded my American travcHiug-companions of their own Far 
West—it showed the same wide horizons, the same sparseness of 
habitations. Hero and there were lielts of woodland; young 
oak, aspen, birch, and lime We observed some small salt-lakes 
in the open prairie. As one approaches the Volga the country 
becomes more plcfcmesquc: ranges of hills show, In the deep 
ravines which cut through them, a succession of almost horizontal 
strata. Fur to the right gleam the white dusty suinmits of the 
Cretaceous ridge of Syzran. 

From Batraki a steamer took ns a few miles down the 
Volga to the classic locMity of Kashpur. Hero the following 
section was studied: 

Cretaceoui Marls, with InoctramWy forming the top of the hill, 
Aptian, 

Neocomum Clays, 

Vdlgian, 

Kimmendgian. 
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Ab in BO many other RoBBlan localities, and at bo many other 
geological horizons in HuBsia, the lithological resemblance of the 
rocks with those of similar ago in Great Britain and Western 
Europe is quite startling. Wandering along the shore at 
Kashpur, bestrewn with ammonites and belemnites, and 
looking up to the blnc-clay clifls with their pyritic and 
septarian nodules, one might almost fancy one's self on the 
beach of Kimmeridge Bay. 

The Volga, after Kashpur, resumes its normal course 
southward. Above that locality it makes an enormous loop, 
forming the great peninsula known as the Samarskaia Luka. 
This originates in a dislocated anticlinal, with a north-and- 
south axis, cut through by a fault ranning N.E. and S W., 
which throws the Cretaceous down against the Carboniferous. 
Nikitin supposes that the movement took place alxiut the end 
of the Oligocone period. 

Above Batraki, the railway crosses the Volga over a great 
bridge nearly a mile long, and estimated at 150 feet above 
river-leveL North of this bridge, we landed to examine the 
cliffs of more or less dolomitizcd Carboniferous Limestones 
impregnated with bitumen, and containing horizons rich in 
FuntUna. On the left bank of the Volga, in the south¬ 
eastern bend facing the Samarskaia Luka, is the city of 
Samara, a busy port land trading-place. We steamed up 
river to the picturesque Samarskaia Vorota, or Oates of 
Samara, whore the Volga cuts through the great anticlinal— 
with the Jegnli Hills on the west and the Sok Hills on the 
east. One passes sncoessively the Permian compact limestone, 
the cavemons brecciiform limestone, and the Carboniferous 
Limestones. The Tsarev Kurgan, or Tsar's Tumulus, forms 
an isolated mass of Carboniferous Limestone on the eastern 
bank : looking thence across a mile of river, you see the Jegulis 
covered with pine and oak-forest, scarred by limestone-qnarrieB, 
and ravined by deep-ent, narrow glens. Here we saw very 
striking examples of river-terraces, formed by the *‘terraoe- 
clayB.” 



Wo spent Taesday, August 2ndf travelling north-eastward 
over the Permo-Triassic (Tartarian) and Permian plateau to 
Ufa. Tho ofTocts of erosion in a dry continental climate were 
here especially conspicuous. No vegetation covered the hills, 
whoso bare, wind-swept tops do not oven retain the snow in 
winter. The varied colours of the marls, and sands, and lime¬ 
stones—blue, brown, white, tea-green, and red—enable one to 
trace from afar the sneresaion of the strata, which have a 
very low dip or none at all. liow down in the Permian, 
below the fossiliferous grey marls, limestones, and red sand¬ 
stones, is a gypsiferous group. The cylmders for tho railway- 
bridge over the Biclaia or White River struck the gypsum 
after going down through about AO feet of (dlnvium. Tho 
foundation is insecuro, and so well is this known that the pious 
muj^ matters a prayer and crosses himself as the train bears 
him over the bridge. Klsewhero along the railway, the gypsnm- 
beds give rise to swallow-holes and lundslifis, which necessitate 
constant repairs to the embankment and cuttings. 

Broadly s^veaking, the section in this area is as follows, in 
descending order.— 


Chornoubm 
Terraco-clays. 

Brackish and freshwater Caspian clays. 

Tartarian (Fenno-Tnassio) vanegated marls, clays, and sands 
Grey marls, Umeatoues, and sandstones. 

Lower Bed Bucks. 

Lower Zoohstein. 

Gypsum-beds. 


Permian 


Going still north-eastward we entered at Asha tho picturesque 
scenery of the UralB. It was a brilliantly hot day os we trudged 
along the sand-ballasted track which follows tho Sim* Valley. 
Here the landscape reminds one now of the Wye Valley, in 
Monmouthshire, and now of tho country about Ruboland in the 
Harz. On the way to tho ironworks of Miniar we passed 
through a gorge showing the Permo-Carboniferous (Artinakian) 
limestone, followed by the Upper Carboniferous Srhwagmna- 
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hmeBtone, and this is faulted a^rainst the shales and sandstones 
of the lower part of the Middle Devonian * the last-named rocks 
show wonderful contortions. 

We may pause for a moment here, and draw attention to one 
or two points connected with tlie general structure of the Urals. 

Firstly, os to the river-courses on the western side. These 
begin by flowing longitudinally, jiariilk'I to the mum cliiiin, then 
they suddenly turn westward, and flow through deep gorges 
cutting across the stratification. Lower down they flow in 
broad alluvial valleys, changing freriiicntly their l)ed, and 
showing well-marked ternicc-formationB, 

Next, as to the succession of the rooks, Wcliave already 
seen that this is quite regular, fiom Mi'sozoic to Devonian. 
Now the Devoiiiaii rests conformably upon the inetumorphic 
schists and crystalline rocks which make up the ridge of the 
Ural Tan, the watershed lietwceu Euroiic and Asia. It is 
startling to an English g<»nlogi8t to learn that there is no trace 
of the (*ur1y Falseozoics in this grejit mountain-range, no 
Silurian, no Onlovician, no Cambrian, no Areh«?an. One 
cannot help thmking that a more minute survey may perchance 
mveal such evidence as will modify the views of the Russian 
geologists in this respect. 

As wo advance into the Urals it is noticeable tliat the 
PuUeozoie folds beiiomo more compressed, which is just what we 
should ex(>ect in the case of mountain-building. Beyond 
Miuiur, around the Lake of Simsk, the Artinskian strata are 
seen resting against the Carboniferous Idnicstones. these show 
their nearly vortical bedding m a m^nihcimt tTag. Travelling 
on through the Devonian we came to Viar^ovatu, whence a 45- 
mile drive through forest, over rough boulder-strewn tracks, 
across morasses, up hill and down dale, brought os to the Bakul 
iron-mines. A very remarkable feature of the landscape here¬ 
abouts is formed by the jagged quartzite-ridges which top the 
hills like the teeth of a comb. Here the dolomitic Devonian 
Limestones are seen to pass into spathosc iron-ore, and this 
again higher up, near the surface, passes into hmmatite. 
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From the inineB wo cumo bock a^ain to the railway nt 
Saleia. In the cutting betwixt this and Zlatoust, granite is 
seen veining the doIomiU*. Our excellent leader Clicrnyshev 
persisted in calling this ‘ rapakivi-granitc; ’ but with all respect 
to his authority I am bound to say that the hand-spocimens 
which I saw hammered out tn «i/M ordinary coarse-grained 
granite, showing no similarity whatever to the typical rapakivi 
of Fiiilaud. 

At ZlaUmst we entered upon the region of mctamorphic and 
igneous rocks, and here we saw in the Koasutur and Urcuga 
Hills an interesting succt^ssion of amphibolites, garnetiferons 
schists, diabases, and gneisses. Despite the unfavourable 
weather, some of us were enabled to ebrnb to tlie sumniib of the 
Bolshoi Taganiii, the highest muuiibaiii in this part of thu 
Urals, some 4,000 feet above sea-level, and aliout 11 miles 
away from Zlatoust, As you pick your way up the winding 
track through the forest, yon now and then come iiiioii the 
huge houlder-strenras of white quartzite, seen through the 
trees like great silent waterfalls. If memory serves right, we 
had to cross five of these. The following section is given in 
Chernyshev’s jmjjor in the Omifi tfpx hWiftswns^ and explains 
tho structure of the country bettor than words ;— 

BoUhol Rrednj Ualy TTml 

N.W. TagasAl. TugoniU. T&it aS. 



a ~ QtuutilfeeiL 

b ~ Frlftbl« HuiditonM irlth deoompOMxl fielaimr 
0 GutieUrerotui MIoa-tchlite. ■omettmai wlUi llzmrtontt 


The quartzites of the Great, Middle, and Little Taganai 
correspond exactly to tho Lower Devonian quartzites and grits 
already met with on tho way to Zlat<'>u8t, and tho underlying 
mica-Bchists are regarded by Chernyshev as the motamori)ho&cd 
representatives of the liower Devonian shales soon in the 
westernmost portion of the Urals. 
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A journey by road from Zlut<>uBt to the Kubsu ironworks 
enabled us to examine a diabase-Hill m contact with the 
dolomlti^ Middle Devonian limestuiieH, and next day we 
reac'hed, on the smiiiuit of the Alevandiovnkaia Sopka (Ural 
Tdu) the divide between Europe and Abxiu The quartzites 
which go to form this ridge are apparently the same ub those of 
the Tagandis. We threaded our way up the hill amid a chaos 
of huge quartzite-blocks, with the morning sunlight glinting 
through the waving biroh-branohes on the gold-green moss. A 
splendid panorama met our eyes as we gamed the summit. Far 
eastward, dotted with lakes, and cut by a mighty river, stretched 
the plains of Asia. West and south rose foTe6t^3lad ridges 
range behind range, and at the utmost horizon the huge dark 
mass of Irimcl reared its cloud-capped summit to meet the 
frowmng sky. 

As we came down on to the Siberian steppe, we seemed to 
return to the scorching heat and dust of the plains of Central 
Eussia. Among the Urals wo had experienced rain more or 
less every day. 

The streams on the eastern slope flow away from the 
axis, towards the great rivers which water the vast ploms 
of Siberia and ultimately debouch into the Arctic. There is 
no tendency to that parallelism of the water-conrses with the 
mouutcdn-range which we observed on the western side of the 
Urals. 

We spent a little time around Mias and the Ilmen Hills. 
Here occurs the rock known as miassito (biotite nepbeline- 
syonite), and hero is the original locality of the mineral 
ilmonito. The hills are pitted with little quarries, some of 
which are still worked for the various minerals got in the 
miassito and gneiss: sodalite, which forms beautiful blue 
streaks in the rook; zircon, of wliioh fine crystals were found 
by some of us ; amazon-stouo, corundum, etc. 

Near Mias, too, we visited tlie Ilmensky gold plooer-dcposit. 
Here below 7 to 16 foot of peat, sand, and clay, is an auriferoos 
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layor about 80 inchen thick, conflisting of pebbly loam niid 
gravel, resting on 7 feet of gravel, Hand, and clay. Below tliiH, 
borings have revealed talc-Bchlsts and serpentine. 

At Ohcliabinsk wc rouched the junction wliere the great 
Trans-Siberian Railway brunclu's off fn)in the Ural and Perm 
line. It was our farthest point east; fniin that place onwards 
we turned northward, and then westward again over the Urals. 

Near Chcluibinsk an> the Yonlinrlarski gold-mines, where 
we saw the auriferous quartz-reef splendidly shown in the 
granite. It appears to be from 2^ to 4 feet thick, and is 
said to yield 10 to 13 grammes of gold per metric ton. 

As the train brought ns into K^shtim there was just 
enough daylight left to note the splendid outcrop of gneiss in 
the railway-cutting. Next day, an ascent of Bngomak, a hill 
chiefly made up of serpentine-rock, enabled ns to form some 
idea of the physic^aphy of the Siberian plateau : the groat 
stretch of Palicoccno beds is dotted with innumerable lakelets, 
and as the eye ranged to the far horizon it was arrested now 
and then by the gleam of distant water. Looking westward 
and Bouthwanl we saw the forest-clad ranges of the Urals, with 
their chief summits mantled in clond, u view reminding one of 
that seen from the Alexandrovskaia Sopka. 

Pursuing our journey northward, we reached Yekaterinburg 
on Monday, August Iflth, and from that city we journeyed by 
a very fair road (as Russian roads go) to the gold-mines of 
Beresovsk. Here the gold occurs m quartz-veins which cut 
obliquely through bands of beresite. This rock, which 
consists of quartz, muscovite, ond pyrites, in the new 
cuttings where we saw it, has as much the appearance of 
decomposed granite as anything else. On the way to Bere- 
Bovsk, we stopped at the so-called ‘stone tents" of Shartash. 
These are great rooks of grey granite, split up by horizontal 
joints into tabular masses: the surfucu is much rounded 
by weath^oring. Some Russian geologists seem disposed to 
regard their presence as due to human agency, but that is 
an opinion to which I should be very loth to subscribe. 
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The road led na along the shore of li^e Shortasb, which is 
fringed by a remarkable moraine. This has evidently been 
formed by lacnstrhie ice, as Olorc ingenionsly explains. The 
moraine is now largely overgrown with bushes and young forest. 

Another day brought na to the mining district of which 
Nijni Tagilsk is the centre. Here we first visited the iron- 
mines of Monnt yi8s6knia. In these mines masses of magnetite 
are associated with distinctly-bedded, quartzlcss porphyries; 
these, in places, pass into breccias with enormous garnet- 
crystals. The orthoclaso-rocks decompose into white and 
pinkish clays, among which blocks of magnetite are seen jutting 
out. * 

But to many among us, the chief interest of the district lay 
in the platinum-mines. On an unspeakably rongh road, wc 
drove through magnifioent forest, over the watershed, into 
Europe. .As we drew near the goal of our jonmey we noted 
many stroam-washinga where platinum bus been got. It is 
associated with chrome iron-ore in olivino-sorpontines, and 
appears to concentrate in these along the lines of decomposi¬ 
tion. Tlie hope that wo should find visible platinum %n »itu 
was disappointed, bnt the manager of the miiu^, Mr Uamilton, 
very generously gave ns a whole senes of specimens of 
platiniferooB serpentine and the associated rocks. It was a 
weird, moonlight drive, over the watershed, through the silent 
forest, back into Asia again. 

Leaving the Demidov estate, we next day made onr way to 
the Crown property of Goroblilgodat. On the journey tliither 
we went to Mount Sindia, where certain quarries show very 
intimate interpenetration of gabbro and diaHage-bomblende 
rock without felspar (^ehUmn), 

Neither space nor time will allow of an adequate description 
of the great magnetibo-mine of Ooroblagodat. Suffice it to say 
that hero, as at Mount Yisshkaia, the rocks are mainly quarts- 
less porphyries. The ore nearer the surface, being more 
decomposed, is rod, while deeper in it is bine. Druses occur 
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with cxoollenb citrUIs of mngnetito (octalicdra and hcxocta- 
hedra). The rocka have u curioiiHlj bedded appearance, and 
narrow bands of limestone (Lower Devonian?) are compressed 
within the porphyritic nH3kM, etist and south of Blagodat. 
From the summit of the hill we took onr farewell glance at the 
Siberian platoan. 

The railway from Uralskaia station deHc*cndfl in grand sweeps 
to the Euroijean slope. Again we passed over the Devonian 
Series, the Carboniferous Limestone, and Permo-Carboniferous 
grits, etc., till at Chusovaia w'c found ourselves in the Kama 
river-basin. Here gy]:>snin-deposjtH are associated with the 
Permo-Carboniferous; and hence, a week's journey down the 
Kama and up the Volga, vta Kassau, to Nijui Novgorod, thence 
by roil, via Moscow and Tver, brought us to the capital of the 
liuBsian Kinpire. 

Jt IS not ])roposed to rcoapitnlute here the proa^edings at the 
Congress. After a nine da>s’ stay at St Petersburg, pleasantly 
diversified by oxcnrsions to Petc^rhof and the great Imatra 
waterfall in Finland, I journeyed Hgaiii to Moscow and Nijni 
Novgorod, to join the party who had elected to go down the 
Volga, under the admirable leiulcrship of Prof. Pavlow 

The tem|)Cstuons autumnal weather, of which wo had had 
some taste at St. Petersburg, continued during the first days of 
our trip down the great river (Sept. 8th to llth). The gale 
blew so strong that our steamer dashed into a wooden light¬ 
house, nearly ran down a barge, and had to be moored in 
mid-sti-eam during the night. At that period of the year the 
water is very low, and, despite continual Htmoding, oar steamer 
frequently struck on a sandbank, off which, after more or 
less delay, she would generally slide without much damage. 
But in May, when the waters are up, we are told that the river, 
at the junction with the Kama, becomes a vast lake, whose 
shores cannot be discerned from the dock of a steamer. 

One of the striking features of Volga scenery, along the 
whole length of the river, with the sole exception of the 
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Samarakaia Luka, ia that the right bank forma a continnons 
escarpment, a groat cliff-line, while the left bank rises gently in 
low allnvial terraces. 

From Sijni Novgorod, for a day and a night’s journey 
down past Kazan, we saw the now familiar red, pink, and grey 
marls, limestones, and gypsum of the Penno-Triassic (Tartarian) 
and Permian. Then the Jurassic came in; and at the small 
village of Ooredishch^ we landed to examine a section showing 
Kimmeridgian, Portlandian, and Neocomian, with phoephatio 
sands and conglomerates and numerous fossils. Thonce to the 
contact with the Carlxmifcrous in the {Samarskaia Lnka, the 
rocks are all Neocomian and Cretaceous. Reference £as already 
been made to the section at Kashpur, 

Below Volsk there is a groat development of Danian ; then 
come the eijuivalcnts of the Tbanet Sand, and at Sarfltov we 
readi Black Sea-level (the Caspian, into which the Volga pours 
its waters, is some 70 feet below ordinary soa-lcvel). Here we 
made an excursion to *the Tjyssnia Hill, where the Cretaceous 
marls and sandstones are capped by the Palteocenc of the Syzran 
and Sartltov Series. Farther down, in the white cliffs of 
Trubino, appear the Cenomanian sands, crowned by Inoctrnmua- 
chalk. Higher and higher beds come in, till the picturesque 
pinnacled cliffs are formed of Tertiaries alone ; their form and 
mode of denudation reminding one vividly of the ‘chines’ of 
Bournemouth and the Isle of Wight, In the Eocene sands 
below Kamyshin, huge elliptical concretions of calcareons grit 
(htraval) appear, not unlike our sarsens. At Tsaritsin the 
Volga suddenly leaves the Tertiary cliff against which are 
banked the teri-acea of post-Tertiary Aralo-Caspian clays, and 
making a sweep south-eastward, flows through vast steppes, 
built up of these Aralo-Goapiau deposits, past Buddhist temples 
uid Kalmuk settlements, down to the far-famed dty of 
Astrakhan. Its white-walled Kreml, the gilt cupolas of its 
lofty cathedral, tower above a forest of masts. Eost mid West 
meet in its markets, and jostle each other in its streets; there is 
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some of the OrienUd ootoiur, and a little of the Eoropean poliah. 
An overcrowded Bteamer took hb down the maze of water¬ 
ways through the delta, where flocks of pelicans were sunning 
themBelves on the sandbanks, and Kirghiz flshormen wore 
mending their nets in front of their tattered tents. A day, a 
night, and half another day brought ns across the storm-swept 
Oaspian to Petrovsk, on the Daghestan coast. Hero we visited 
the fishery-establishments, redolent of sturgeon and the various 
species of Caspian herring. Then the railway, running west¬ 
ward along the northern base of the Caucasus, brought us, on a 
bcantiful September day, into Vladikavkaz. This place 
commands the northern outlet of the great (Georgian military 
road, one of the few really good roads that we saw in Russia. 
It runs southward for 120 miles right through the Gancasus 
range, over the watershed into Asia Minor, to the old capital of 
Georgia, Tiflis. The following generalized section, taken from 
the OtiuU dea Excurmna^ illustrates the structure of the country 
over which we travelled, from Vladikavkaz to Tiflis and 
afterwards to Erivan, on the Armenian plateau. 

KHtui Antlcancman^ CanoMUi. 



• u NeocBoe. « Oontorftad Ptliooccilo SohMi 

h » Fftlnooeno. V, 8 ^ Oimnite and DU ba i e 

0 n Unper JunuHto ud OMmknul v a PoniliTrtat. 
d ai Um- T - I^BohyUi sod Aodesltos. 

Along the Georgian road we saw the folding of the Upper 
JaiasBio and its faulting against the Lias splendidly shown, 
and ns we penetrated farther into the core of the range the 
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Jnraaaio was snccooded by Palnrazoic scLisba and grits, and these 
wore again followed by the granites and gneisses of the great 
gorge of Dariel. In this narrow pass there is barely space for 
the foaming waters of the Terek, and the roadway : it is stme- 
turally the very core of the Oancasas As the pass broadens 
out again, wo come within sight of tho great snow-capjied peak 
of Kasbek (17,000 feet), a recent andesitic cone. 

Leaving the Terek Valley, witli its morainic terraces, and 
its big glacial boulders, a few of ns walked liy paths winding 
up high escarpments of Palscoxoic slntcs, traversctl by ‘green- 
stone-dykcH,' to the Devdonik glacier, wliich is an advuiK'iug 
one, fed by tho snow-fields of Kasbek, ITio weather was 
brilliant in the extreme, and such sunsets and sunrises as wo 
saw from these high altitudes remain for ever pictured in the 
mind’s eye. On resuming again onr journey along the military 
road bo Tiflxs, we constantly met with magnificent masses of 
andesitic lava, showing the most perfect prismatic structure. 
Here, too, wc saw the morainic deposits capped by flows of 
andesite. It was late on the second night out from Vhidi- 
kavkuK when we crossed tho Krestovaya Gora (7,00(» feet) into 
Asia, and on the third night we readied Tiflis. Thence the 
railway mns along the Neogene and Pahcocene plateau to the 
oil-fields of Baku. 

Hereabouts one has u glimpse of true desert scenery ; bare, 
rocky hills glaring m the sun, sandy, stone-strewn plains, with no 
sign of vegetation except some very small thorny scnib. The 
Caspian was in gentler mood than when wo had last seen it, and 
throngh the dnst-hase and petroleum-refinery smoke its bine 
waters sparkled refreshingly in tho sunlight. At Baku, as 
everywhere in Bussia, profuse hospitality was shown to the 
members of the Congress, but many of as found the weather 
too hot to endure with equanimity four banquets in two days. 

Those of ns who were among tho favoured few whom 
Tjoewinson-Lessing, our most courtoons leader and friend, took 
with him to Ararat, loft the petroleum city on Saturday, 
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September 25th. Thence, duly guarded by esoorts of OhapilrB, 
we jonmeyed two days by rood over the AnticaucosuB, ont 
of fertile, fruitful (icorgia, on to the volcanic plateau of 
Armenia. Suddenly, like u dream, floating above the clouds 
60 miles off, in a bee-line, rose the snow-capped peaks of 
the greater and lesser Ararat. Stopping to examine some 
fine exposnres of obsidian, wo readied Erivan on the Tuesday 
evening. Nor did we rest there but drove on, across the 
Araxos, to a posting-station, whence saddle-horses took us 
next day up to the Sirdar Bulakli Fuss, between the two peaks. 
On September 30th, wo mtule the ascent of Little Ararat, a 
straight cmder-slopc, 5,000 feet up from the pass, 12,500 feet 
above sea-level. The andesitic blocks of the summit are all 
scarred and seamed with fulgurites. Looking southward into 
Turkey, one sees groat black crags of lava, with ridge behind 
ridge of barren mountain. Eastward, far into Persia, the same 
landscape meets the eye, relieved, however, by beautiful blue 
lakes. 

Here the foregoing desultory account of this journey may 
appropriately end, although one is tempted to descant on the 
beautifnl dreamy days imd soft moonlight nights spent in 
journeying up the Black Sea from Batnm to the vino-clad 
shores of the Crimea. To the Russian geologists in particular, 
and to the Russian people generally, all those who participated 
in the International Geolc^ical Congress feel that they owe a 
deep debt of gratitude. No words can do justice to the 
unfailing courtesy, the extreme friendliness, the generous 
hospitality, which met us'at every turn. 
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A Diary op Ciiarises I.’b Detention in New¬ 
castle, May 13 , 1644 — Feb. 3 , 1646 .* 

By C S. Tbbrt, M A. 

Newcastle played an important part in the Civil Wars, 
whether as the I backbone of the Northern Association, as the 
stronghold of the Scots in 1640-41, or as the scene of the 
negotiations which attended Charles's virtual imprisonment there 
from May, 1646, to Febrnnry, 1647. Contemporary accnnntsof 
the town bear almost eiitliuHiastic testimony to its beauty and 
wealth. Sir William Hrereton in 1680 foutid it ‘beyond all 
compare the fairest and richest town in England, inferior for 
wealth and building to no city save London and Bristow , * the 
‘revenues belonging unto it (as I was informed), at least 
£5,000 or £6,000 a year. . . . There is every day a 

market here kept 'ruesday and Saturday a mighty 

market.' Speed in 1640 described it as ‘the very eye of all 
Townes in the Conntie, which doth furnish the wants of 
forraine .Countries with her plentio.’ To Ambrose Barnes, a 
Newcastle apprentice daring Charles's residence in the town in 
16 46-47, it was ‘ the emporium of the north for merchaudiae of 
all sorts.' Among its chief features were its walls which 
enclosed but a fraction of the modem town, which qnaint 
William Lithgow found ‘a great dealo stronger than those of 
Yorke, and not nnlyko to the walles of Avineon, but especially 
of Jerusalem.' Of its coal trade, ‘the chiefest conunoditie 
that onrichoth the Conntie' writes Speed, ‘are those stones 
Linthanrrates^ which we call soa-coales, whereof there is such 
plentic and abundance digg'd up, as they doe not only retnme 
a great gaine to the inhabitants, bnt procure also much pleasure 

*Thii paper la no more than an attempt to conatruot a diary of 
Oharlee’s detention in Newcastle from May 13, 1646 to February 8, 
1647« The subject is more fully considered and authorities Indicated 
m the writer'a contribution to volume 21 of the Arduxologia JBliana, 

9 
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and profit to others.' Grey, however, in 1049, gives a by no 
means encouraging report, * I can remember one, of many, that 
rayscd his estate by iH)al-trade ; many I remeralMir that hath 

wasted great estates.Master Beaumont adventured 

into our mines with his thirty tlionsand pounds : who brought 
with him many rare engines not known then in these parts; as 
the art to booro with iron rods to try the deepnesse and thick* 
nesse of the coale ; rare engines to draw water out of the pita ; 
waggons with one horse to carry dowuc coales from the pits to 
the stathes, to the river, etc. Within a few yeares, he* con¬ 
sumed all his money, and rode home upon a light horse.' 

The town, the residential ]K)rtion of it at least), was built 
upon the steep bank which ran down precipitously from the 
eminence on which the Norman Keep and the Churches of 
St Nicholas' and All Saints' stand, to the river, while some¬ 
what further to the north, on the overlooking table-land, stood 
the Church of St. John, in the parish of which, hard by the site 
of the present Central Station, certain of the northern nobility 
had their town mansions, and yet farther north, just within 
the protecting north-west corner of the wall, the last of the old 
Churches, SL Andrew’s. In the oppo-ito north-eastern comer 
of the town stood the house called on Speed’s map of 1610 
Hhe Newe House,' and later known as Anderson Plaoe, snr* 
rounded by grounds which almost filled the northern breadth of 
the town, in whicit at different times the Governor and 
General Jicven hud their residence, and in 1G46-47 Charles held 
his court. Across the river, from the Sandhill to the foot of 
the Bottle Bank in Gateshead, stretched the wooden bridge 
pictures(]Uoly cdgetl with gabled bouses and guarded by gateway 
and portcullis, ‘ one of the finest bridges I have ever met with 
in England,' says Brereton of it, standing on the site of 
Hadrian's uElian Bridge from which in Roman times the 
town took its name. 

Charles entered Newcastle about five o'clock on the afternoon 
of Wednesday, May 18th. By order of Sir John Lumsden, the 
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Governor, mnskcteers and pikemen lined the roads from Gateshead 
to the house assigned to the King and his attendants. He was 
received virtually as a ]>riaoner, as appears from the following 
aoconnt hy an eye-witness. SSome that attended upon his 
Majestic rid t»efore all bare. Then bis Majestic marched with 
the Generali and some other Scottish ofhcers, divers of whom 
also that were near the King rid bore. There went none out of 
the Towne of New-Castle to meet his Majestie, neither the 
Scottish T*ords that were in the Towne, nor the Deputy-Mayor 
thereof; nor any otlier, eitlier inhabitant or other. His 
Majestie was not received in triumph (as some would have 
had it to be done), nor did they, in imy solomne manner, take 
notice of Lis Majestie. The King rid in a sad coloured plaine 
suite, and alighted at the (leneral's quarters (now the court;. 
There wore no guns discharged, neither by land, nor by water, 
by way of tnumph There was no acclamation by shooting of 
muskets, sounding of tmmpets, or licatiiig of drums, and yet 
there were both kcttle-iinmiB and truini)Gts good store in 
New-Castle; yet were they so far from any publike way of 
triumph, that they did not sound or beat so much, as 
when one troop of Scottish horse march into New Castle.’ 
There was no great concourse of people in the streets, and only 
as he entered the gates of the court was a alight demonstration 
made by the adherents of the Parliament. 

Particular precautions were token to secure the King. 
Proclamation was made that though be was present, yet all 
were to yield obedience to the ordinances of Parliament. A 
guard was stationed at the court, and two burgesses wore 
appointed to watch at each of the town’s gates, to prevent the 
ingress of any known adherents of Obarles. Several of his 
attendants were discharged soon after his arrival. 

Charles’s letters to his wife fully confirm the severity which 
the above details suggest. On May 20th, he complains of the 
* barbarous usage' be hod received since his surrender to the 
Soots. On May 28tb, he describes himself as a prisoner: 
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‘ I moBfc thmk myw^If bo, nince T c»nnot call for any of my old 
servantfl, nor chiiae any now without lenvo, and that all my 
friends are forbidden by proc'lamotion to see meand afi^ain, 
on June :)rd, ‘know that none are suffered to como about me 
but fools or knaves (all having at least a tincture of faIfihood\ 
every day never wanting new vexations, of which my publick 
devotions . . . . aro not the least/ 

The house allotted to Charles, known in later times as 
Anderson Place, was then the residence of Sir Francis TJddell. 
Built originally by Robert Anderson, a wealthy Newcastle 
merchant, the house and its grounds ahnost filled ,the northern 
breadth of tlie town. Latterly the house had been used as the 
residence of both General Leven and the Governor Lumsden, 
and while Leven continued througiiont Charles's visit to live 
there, Charles seems to have taken the apartments vacated for 
him by Lumsden. Very little information is obtainable 
regarding the arrangements made for his accommodation in this 
improvised court. Lord Lanark acted as his secretary, and 
the Earl of Dunfermline was in attendance in his bed-chamber. 
Fifteen dishes were serveil at Iiis table; the town was at part 
of the expense of providing him with coals, and until his 
attempted escape in December he and his suite hud fnll liberty 
to play golf on the links in the Shield Field outside the walls. 

Charles had barely alighted at the court on the afternoon 
of May 13th, Ixsfore ho was waited on by Lord Callander, TiOrd 
Lanark, and Lord Balmerinoch. Callander presented a petition 
begging him to sanction the (bvenant, but Charles diplomati¬ 
cally urged Bcmples of conscience, and desired that Alexander 
Henderson, one of the most eminent of the Scottish divines, 
might be sent for to discuss them with him. The nobles next 
required that Montrose should receive orders to lay down his 
arms, at which ‘ the King fell into a violent passion/ and upon 
their refusal to grant him the attendance of forty of his own 
attendants, swore he would ‘neiUier eat nor drink untill he had 
them.’ He was informed curtly that ‘he might take his 
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choice/ In face of their i-efusal, however, Charles foand means 
to summon certain of his old oflicers at Newark and, either os 
the result of his invitation, or merely as the consequence of his 
presence in the town, a large number of his adherents made 
their apiiearnnce, L.uven indeed found it necessary, on Satur¬ 
day the 16th, to issue a proehimation forbidding the resort of 
‘ Papists ’ and ‘ Msbgnauts ’ to Newcastle, and the proclamation 
was so fur ofTective that on May 26th it was I'eported tliat no 
royalists wore to be found either at court or in the town. 

On the loth, Charles reecued a further iietition from the 
Scottish nobles, and on the 10th replied to it, undertaking to 
disband the forces culled together in his name in both king¬ 
doms, to recall commissions given to any at sea, and generally 
expressed his desire to submit huuself to the counsel of his 
Parliaments. On the 20th. ho repeated his undertaking in a 
proclamation to the Scottish nation. The Scots, however, 
were determined to make the fullest use of the opportumty 
which their possession of the King gave them. On May 2drd, 
Loudon, the Lord Chancellor, arrived in Newcastle, and held 
several interviews with Charles. By some it was reported that 
the King was satisllcd with the progress of alTairs, others 
declared that he vv as so harassed that he had lost his appetite 
and at times refused to eat. 

Meanwhile, on Saturday, May 16tb, oonsiderablo excitement 
had Ixien caused iu Newcastle by the escape of Jack Ashbum- 
bam, who, with Dr. Michael Hudson, Charles's chaplain, had 
accompanied tlio King m liis flight from Oxford, and hud 
arrived at Newcastle with him. 

On May 15tb, Charles had written a short letter to the 
Queen, tximmending her for further information to Jock 
Ashburnham, whom he intended to entrust with bis first com- 
munioatioii to her sinoo his surrender to the Scots. In 
order that Ashburnham might escape the vigilance of the 
guards, it was arranged that he should accept an invitation to 
dine with Sir Henry Gibbs, at Jarruw, on the 16th. On that 
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morning, about bix or Beven o'clock, Ashbumham and Cibbs 
left the court, and proceeded to the shop of John Dobeon, a 
haberdasher, where Asiibumham purchased a ‘ Monmoutii * cap. 
From the shop, Oibbg and Ashbumbam went to Montreuirs 
lodgings, and after a conversation with Hudson left the town. 
On the same afternoon Hudson won on his wiij across the Tyne 
Bridge to deliver a message from Charles to Ashburnham at 
Jarrow when be was apprehended by the Deputy Mayor. 
After some negotiations between the Mayor and the King, 
Hudson was sent away from the town early on the mnrnuig of 
the 17tb. Ashbnrnham, some four days later,t succeeded in 
getting a passage on a boat liound for Holland. 

On the same day, Sunday the 17th, Chuiles listened to a 
sermon from Mr. Dougins one of the Scottish ministers, who 
*8pako home to him, and advisc<i him to dispose his spirit to 
peace and unity.’ On the following 'I’hursday (May 2lRt) 
he visited Tynemouth Castle, attended by Lords J^tliiun, 
Dunfermline, and Bulmerinwdi, proceeding down the river in his 
barge, dining at the Castle, and returning by land. 

On Friday, May 29ih, Charles addresseil the first of a 
remarkable series of letters to Alexander Hendei'son, w^ho had 
arrived in Newcastle on the 16th. Charles bod at first 

proposed that the controversy should lie conducted between 
Henderson and a committee of ministers. Henderson objecting, 
Charles suggested a convention of ministers. Henderson replied 
that such a method hod never proved effectual, and asked 
Charles to conduct the controversy himself by correspondence. 
Charles consented, and gave Henderson {lermission to write 
full yet modest expression of his motives.' In his first letter, 
on May 29tb, Charles exactly expressed the nature of the 
English Reformation, and his position towards the demands 
which Henderson and his party made upon him. ‘No one 
thing,' he writes, * mad me more reverence the Reformation of 
My Mother, the Church of England, than that it was done 
(according bo the Apostle's defence. Acts 24, 18) neither with 
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multitude, nor with tumult, but Icgully and orderly ; and by 
those whom 1 conceive to have oncly the refdnning power/ 
From this poftitiou MciiderRon's arguments did not dislodge 
the King. The corrcsiKindeiice proceeded leisurely throughout 
June and July, and closed with a letter from Charles on July 
16th, in which, behind a compliment, the King expressed how 
little Heudorson's arguments had shaken him; ‘ for example,* 
be wrote ‘I think you, for the {iresent, the best preacher in 
Newcastle; yet t beUeve you may err, and possibly a better 
preacher may come ; but till then, must retain my opinion ' 
At the commencement of August, Henderson's health, which 
had shown signs of weakness us early as June, completely broke 
down, and he discontinued his uttciidanco upon Charles. On 
August 4th, Baillio wrote to him, ‘your sickness has much 
grieved my heart .... Wo never had so much need of 
you as now .... the King's madness has confounded 
ns all; we know not what to do, nor what to say, We know 
well the weight tliut lies on your heart. I fear this be the 
fountain of your disease.’ On August 7th, writing to Mr. 
Spang, Baillie odds, *Mr. Ueuderson is dying, most of heart¬ 
break, at Newcastle.' Some three days later (August 10th), 
Henderson left by sea for Edinburgh, and Charles visited him 
on hiB departure. On August 19th, he died at Edinburgh. 

Meanwhile throughout June the Scots had boon pressing 
the Covenant upon Charles, On Jane 8rd, he wrote to the 
Queen complaining of the * vexatious' to which he was being 
subjected, especially in his devotions ; and again, on June lOth, 
‘I never knew what it was to be barbarously treated before 
• ... all the comfort that I have is in thy love and a 
clear conscience.' His state of mind as revealed in tliese 
letters is perhaps the only explanation of an extraordinary 
proposition, commanioated to the Scottish Commission on 
June 5th, for the partial recognition of PresbytcrianiBrn in 
England. Whatever senousness there was in Charles's sugges¬ 
tion, it gave considerable satisfaction in Newcastle, where he 
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was reported aa being more amenable to argument than he ao 
far had been.' The Scota, therefore, pbed the King more 
vigoronaly. About the 1.5th, the whole committee, on their 
knees and in tears, bcsougiit him to yield. Charles also was 
moved to teal's and retired to his bod-cham1)er, but even there 
some of the deputation followed him and renewed their 
re(|ue8t. With that experience in his mind, Oharks wrote to 
the Queen on Juno 17th, * I hope (iod hath sent me hither for 
the last punishment that he will inflict ni>on me for my sins, 
for assuredly no honest man c^n prosper in these people’s 
comimny,* The importunity of the Scots hnc[ already, on 
June 10th, led him to suggest to Parliament his return to 
Tiondon, and on the 24th, he wrote on the same matter to the 
Queen, ‘ 1 think my proposing to go to London, if 1 may be 
there with safety, will be the best put o(T, if—which I believe 
to be better—I cannot lind a way to come to thee.' 

On the 26th, Charles was attacked from another quarter. 
Leven and about one hundred of the Scottish officers presented 
a petition, in which, while they vindicated the army from any 
suggestion of collusion with the King in his recent surrender to 
them, they heggt.^ him to conform to blio wishes of Ids Parlia¬ 
ments. Charles replied in a few sentences on the 27th, 
expressing his desire for a speedy iK'commodation, when it 
would be bis care ‘to linde out some meanos of honourable 
employment for so many gallant meu us ore impluyed in the 
Armie.' 

The CommissioiierB and the army hod both done.their 
utmost to move Charles, It was now the turn of the Scotch 
Assembly, On Saturday, Juno 27th, Mr Cant, Mr. Douglas, 
Mr. Robert Blair, Mr Andrew Pairfold, and other ministers 
arrived from Edinburgh. They came in a severe mood. The 
letters which they brought from the Assembly were not to be 
delivered until they had had an opportunity of preaching 
before the King. If their sermons failed to move him, then 
they were to ‘ let His Majesty know what the Church censure 
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is.' On Sunday^ July 5tb, Mr. Caut preached to the King. 
HIb very text wag minatory^ nor was his sormou le&g plain and 
direct. * Thou piece of clay,’ he said more than oiux;, mldreHsing 
the King, * where thou sittCHt, think of thy death, resurrection, 
judgment, eternity.' Charles Ustcued uneasily to the preacher's 
denunciations, while others of his auditors were dissolved iu 
tears. Cant, indeed, fully justilied the eulogy passed upon 
him and his fellow-prencliers in Newcastle by* a contemporary 
news-letter; ‘they court him not in their scniions, nor lay 
pilIowoB uuder his olbuwcs, as too many of the court diviues 
have done, no, they speake truth with power.' After the 
sermon Charles was courageous enough to invito Cunt, lllair, 
and the other ministers to confer with him on ‘a case of 
conscience which he wonid put to them.' 

Meanwhile, for some time past, the English Parliament 
had been debating the terms of pro[>oHalb ‘ for a safe and well 
grounded peace' to be sent to the King. Ou July 8th, Com¬ 
missioners of both Uouses had received instructiuns to proceed 
to NewcasUo, *or at sucli other place as you sliall find the 
King,’ to present to him their nineteen Pnipositions. The 
OommiBSioners reached Newcastle on Thursday, July 23rd, and 
in the course of the evening they received notice from Charles 
that ho would receive them on the following afternoon. 

On that day, about two o clock in the afternoon, the Com¬ 
missioners, accompanied by J^ondon and Argyle, presented 
thcmselvos at the court. They were nshored into one of the 
larger rooms which served us an audience chamber. Charles 
was awaiting them at the head of a long table and invited 
them to follow him to another room. His first enipiiry was as 
to tlieir powers to treat with him. Learning that tliey were 
empowered only to receive lus answer and to communicate it 
to Parliament, he remarked that ‘saving the honour of the 
business, an honest trumpeter might have done as much.' He 
listened attentively, however, to the Propositions, and at the close 
of the reading addressed the Oommissioners: ‘Gentlemen, 1 hope 
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70 U do not oxpuct a very apeedy auawor, becanse the buBineas is 
of high concernment.' 1'he Earl of Pembroke replied that their 
Btay in the town waa limited to ten daya from their amval, 
and Charles, undertaking to give his unswor in convenient time, 
dismissed them. 

On the same day the Commissioners heard a sermon from 
Samuel Kem, oue of the navy cliuplains, upon the significant 
text, ‘We certify the king that, if this city be buildod again, 
and the walls thercof set up, by this means tbon shalt have no 
portion on this side the river.’ On the Sunday ifollowing, 
July 26th, Stephen Marshall preached be(pro the King. 
Charles, remembering his experience at the hands of Mr. Cant, 
sent for Marshall twice and thanked him for a sermon which 
was ‘jicaccable and not iiersonal.’ On Monday, the 27th, the 
Commissioners ogam waited n\)oii the King. His answer, 
however, was not prepared, and hearing nothing further from 
him they presented themselvi's on Saturday, August Ist. 
At that interview ho gave them a verl»al answer of so unsatis¬ 
factory a nutnre that they begged for a final* audience the next 
morning. Ou this occasion Charles gave them his answer in 
writing. It was short; made no endeavour to deal with the 
matter at issue; commented on the fact that Parliament had 
token twice so many months to prepare the Propositions os 
days were allowed him for their consideration, and suggested 
his return to London to debate the matter at length. The 
OommiHsiouers refused to take such an answer, and Charles 
commanded them to withdraw to reconsider their refusal 
After nearly an hour's debate they returned and expressed 
their willingness to take his written reply, though they could 
not regard it as an answer to the proposals which they had 
been commissioned to put before him. On the some afternoon 
they despatched a letter to Parliament giving an account of 
their proceedings. They were fearful, they wrote, lest Par¬ 
liament should not be satisflod with the King's reply, and 
therefore they forbore from sending it. They were, however, 
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returning to London with all convenient npeod, Karly the 
following morning, Monday, August 3rd, they left Newcastle, 
Leven, TiUmsden, Argyle, Dunfoiuiline, and the ofllcei*8 of the 
garrison accompanying them as far us Durham, A week 
later, on Monday, August loth, they reached London, and 
on the 12th received the thanks of the House. 

Their departure from Newajstle was followed by that of the 
Scotch nobility to attend the Convention of Estates at Edin¬ 
burgh. Ueuderson, too, hud left Newc'ostlc, and Charles was 
allowed some leisure, aliich was nut broken until the return of 
the Scottish lords in Sopteml>er "I'he narrative of his visit 
becomes at this point considerably disconnected. lie does 
not appear to have abandoned his hujic of leaving Newcastle. 
Both in the brat and second weeks of August it was uunonneed 
in Tjondon that bo had no longer any wish to stay in that 
tovm, though a letter of Sir Roliert Murniy, on August 8th, 
speaks of liim as being m good sjiirits over a game of chess. 
In the fourth week of the month it was reported with some 
trepidation in Ijundon that he was making overtures to some of 
the nobles m the town, and seeking to ingratiate liimself with 
the soldiery who by now, even the King’s sjaicial guard, were in 
a ragged condition. On the Slst, however, he expresses to his 
wife the view, that only by stirring up France to action on his 
behalf would there bo any ^ life in his busiuebs.' Newcastle, 
however, continued to lie the Mecca of the King’s party, and on 
August drd Leven had been compelled to issue a further 
proclamation forbidding them from coming near the court. 

In September, a farther visit fixim the Scotch Commis¬ 
sioners put an end to Charles's brief holiday. On Wednesday, 
September 2ud, he went down the river to Tynemouth Castle, 
and on the following day took some recreation at golf. On 
Friday, the 4th, the Commissiouers arrived, and on the &th 
asked for an audience. Sunday, the 6th, was given up to the 
usual sermons, but on Tuesday, the 8tli, and probably on the 
intervening Monday, on which day Charles complained to tlie 
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Qaeen of having boon * freshly and barbarously assaulted from 
Scotland,' the CommiBsiouers wore with the King. Charlos 
adopted the method already employed with the English deputa¬ 
tion in July, and questioned their power to treat with him. 
On the 9th, the Oommissioners assumed a more determined 
tone. Hamilton, Lanark, and (^Ulander pressed him to accept 
the l’ru})OBitioii6. Thoir arguments failing to make any 
impression, Hamilton ut length sjxiko of a fnither communicn- 
tion which ho was bidden to make. (Miurles at once rose, 
declared that lie knew well the pur|)ort of the message, and 
closed the interview. The nature of this undelivered message 
affected Charles's wonted equanimity. He appeared to be 
oonsiderahly jxirturbcd in his mind, and hod almost abandoned 
golf and exercise. On Thursday, the 10th, in answer to liis 
invitaiiou, Mr. Blair, Mr. Dougins, the uncompromising Mr. 
Cant and others, repre.seuting the committee of the Scotlisli 
Kirk, were admitted to an audience. Charles remained 
unmoved by the arguments addressed to him, and at length 
Mr. Gant losing patience exclaimed, * Sir, 1 wish I may not 
say to your Majesty os the Prophet said to Amasiah, ^ Refuse 
not counsel lest God harden thy heart to destruction.' Charles 
rejoined that Mr Cant was no prophet but, deftly waiving 
disoossiou of this personal matter, Cant replied that, whether 
ho were a prophet or not, it was still permissible for him to 
recall to the King^s notice the warning to Amasiuh. On the 
11th, the Commissioners conferred with Charles Mn point of 
honour,' and he undertook to give his answer on the Ibtix. It 
proved to be of an indefinite nature. He neither accepted nor 
dedined the pro|>ositiouB pub to him, but once more expressed 
his desire to bo allowed to proceed to Loudon, where he would 
bo in a better position to discuss the matter. By the 2lBt, 
the Commissioners hod left Newcastle, and were soon followed 
by the other Scottish nobility in the 

The patience of the English Parliament was at length 
exhausted. The nature of Charles's reply to the Scotch Com- 
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tnipsionerB was known in Tiondon on September 2lBt. On the 
following day, a reBolution paseed for the converBion of the 
PropositionB into ordiiianccB of Parliament, and on the 24th a 
Oommittce of both HonseB was appointed to treat with the 
Scots for the disposal of the King. In Scotland equally the 
fatility of any further attempt to deal <lirectly with Charles was 
recognised, and the Convention of Estates in Edinburgh was 
already debating the measures necessary for the evacuation of 
the north of England and the surrender of the King. Charles 
on his part equally recognised that his relations with both Parlia¬ 
ments had reached a crisis. On Scptoinlier 10th, he wrote to 
his daughter in Holland requesting her to send a ship to the 
Tyne, ostensibly that he might communicate with his wife, 
actually, as appeared in December, that he might have the means 
of escape should such a course appear advisable, (^n the 26th 
he expressed his views on that possibility candidly to Hamilton, 
* I must tell you (and 'tis so far from a secret that I desire 
every one should know it ... ) that I will not be left in 
England when the army retires.’ lie explains his fears : ‘Those 
at London think to get me into their hands, by telling our 
countrymen that they do not intend to make mo a prisoner. 
0, no, by no means I but only to give me an honourable guard, 
forsooth.’ At the same time, Charles was still careful to 
represent himself as amenable to reason and argument. On 
Sunday, the 20th, and again on the 22nd, Blair was admitted 
to confer with him on tlio threodworn subjects of Episcopacy 
and the Covenant. 

There are bnt scattered references to Charles and his sur¬ 
roundings in Newcastle throngbont October. On the 8rd, he 
wrote to the Queen complaining that ho was ‘ generally con¬ 
demned of wilfulnesa,’ and again on the 26th, to explain the 
impossibility of bis accepting the terms hitlierto proposed to 
him. ‘The absolute establishing of a Presbyterian govern¬ 
ment,’ he explains to her, ‘ would make me but a titular King 
. . . For thou must understand that (which I And abso- 
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lately mistaken by }ou all in France) the difference between the 
two {(ovemments (Episcopal and Presbyterian) is one of the 
least disputes now among us, even in point of religion ; for they 
intend to take away all the coolesiastical power of government 
from the Crown. Moreover, they will introduce tlwt doctrine 
which teaches rebellion to be lawful, and that the supremo 
power IS in the people, to whom kings (as they say) ought to 
give account, and be corrected when they do amips.’ At the 
lieginning of the mouth, Montreuil returned to Newcastle, 
and with Bellievro was busily engaged with the King. A 
few days later Charles received a visit from Davenant the 
poet, who had come from France on the Queen's behalf. 
About the same time bo had an unusual experience. While 
playing golf on the Shioldfield links, a woman, apparently out of 
her mind, interrupted his game by loudly declaring that it 
would bo lictter for him to bo with his Parliament in London. 
She refused to l>e silenced and added that, if those who attended 
the King loved him as they ought, they would long suicc have 
given him the same advice. On the 15th, Churlos was again 
on the links, while on the 21st, a fast day, * the hearts of divers 
honest men' were ^much sodded'm that golf was played in the 
grounds of the Court. 

Throughout November Charles was largely engaged in pre¬ 
paring matter for, und supervising the work of, the printer 
Stephen Bnikley, whose arrival in Newcastle and his doings 
there funiishod the news-sheets with welcome material in their 
weekly chronicle of the otherwise uneventful course of affairs 
at the court. Charles, it would appear, contemplated if not a 
pamphlet war with his Parliament, at least a wider dissemina¬ 
tion among his subjects of such literature as was likely to 
influence them on his behalf. The consequences of his refusal 
to accept the terms propounded by Parliament he thoroughly 
understood. On November let, he wrote to the Queen, ‘they 
.... tell me, from London, that they will neither declare 
against monarchy nor my posterity, but merely against my 
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person/ Prom bis Tvife he received little sympathy. On the 
7th he writes to her, complaining' that * I am so condemned of 
thee as that my rigiduesK will be the ruin of all that is dear to 
me.' Again, on the 28th, lie is mnch perturbed at her threat 
to ‘meddle no more’ with his affairs. Already, however, he 
poesessod the means of conducting his ‘ busmess’ by methods in 
which the Queen's help was not |)OSBible. About the cud of 
the first week in November, there arrived from York a young 
printer named Stephen Bulkley. He had been summoned to 
Newcastle by Oharles, and his arrival aroused vehement protest 
and opposition in the town The attitude of the authorities 
was so menacing that Charles was compelled to give Bnlkley 
and his press shelter in the court itself. After a few days, 
Bnlkley ventured to sot up liis prcfs outside the precincts of tlie 
court, in lodgings which gave easy access to the King’s apart¬ 
ments. Here a further attempt was made to arrest him, from 
which Bulkley escaped only by timely flight to the King’s 
presence Thereafter he appears to have been unmolested 
On the 28th, he was busily engaged in printing off the first of 
his Newcastle pamphlets An Answer sent to the Kcclosiostical 
Asaembly at London ’ The title-page asserted that it was the 
work of John Diodate, of Geneva, a stout Protestant, the author 
of French and Italian versions of the Bible. Its appearance 
caused considerable surprise and even consternation, and drew, 
in addition to vehement disclaimers of the attributed author¬ 
ship, a vigorous answer in A reply to a Utter printed at 
NeweaetU, 

About the middle of the month, a Dutch man-of-war entered 
the Tyne. She had come over in answer to Charles’s request 
conveyed to his daughter on September 16 th She was placed 
absolutely at Charles’s disposal, and her commander brought 
despatches from the Prince of Orange. As events proved, the 
visit of the Dutch ship was clearly connected with some vague 
design of escape on Charles's part. He had already broached the 
project to his wife, without, however, gaining her assent. On 
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December 5 th he wrote to her, undertaking not to take such a 
Btep nntil it had become dear that he could not count upon an 7 
further support from the Scots. On the same date, however, 
an order was made in the English Farliamcnt to send down tho 
first instalment of the indemnity dne to the Scots, and the 
knowledge that the withdrawal of the Scots and his own 
surrender to tho English Parliament was now only a question of 
weeks undoubtedly spurred on Charles and his ailherents to 
take the course already suggested to tho Queen. Throughout 
Decemlwr the loyalists were flocking into Newcastle. On the 
Srd, Levon and Imrasden found it necessary to order their 
withdrawal from the town and surmiindmg ‘district. Every¬ 
thing points to some feiir on tho part of the authorities that an 
attempt to remove ("linrles was imminent. 1 'he captain of the 
Dutch ship was examined, and the governor of Tynemouth 
Castle WHS warned to be on Ins guard. 

On Sunday tho 6 th, Charles heard a sermon from a Scotch 
preacher who outvied even Mr (^int in the energy and violence 
of his oratory. At the end of his discourse, the preacher 
called upon the congregation to join with him in tho 52nd 
Psalm, ‘Why dost thou, tyrant, boast tliysclf, Thy wicked 
works to praise.’ Charles, with considerable readiness, exiled 
for the 56tb Psalm, ‘Have mercy, Lord, on me, I pray, For 
man would me devour.’ The <x)ngrogation, already impressed 
unfavourably by tho preacher’s methods, followed the King, 
some in their excitement singing who hod nob done so 
for years. 

On the 10th, another man-of war, from Dunkirk, entered tho 
river, and in spite of the recent proclamation the loyalist still 
remained in large nnmbors in Gateshead and tho country 
round. Five more Dutch men-of-war were expected, while the 
Dunkirk ship was reported as being tho flret of others which 
would arrive sliortly. It is impossible to regard these move¬ 
ments as being other than part of a pre-arranged scheme. 
Towni^ds the end of the month it was ripe for execution. On 
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the 24th, Tobias Pciiker, {^oora of the Privy chamber, was sent 
by Will Murray with a message to the J^utch captain at the 
Peacock Inn. 1'he < aptiiin rotnrncd with Peoker to the court, 
and later in the day rccei\ ed £ 100 os an earnest of the reward 
which would l)C i>aid him m the event of his snccessfully 
accomplishing Clmrlc‘s’8 escape. On the evening of the same 
day Peakor oik*o more was sent to the captain to enquire if the 
wind was fair, and if the ship was j>rci>ared to leave the river in 
face of any opposition that might be encountered from the 
garrison at Tynemouth. The captain expressed himself ns 
quite ready, though ho would prefer to go out of the river on 
the day tide. With this information Pcaker returned from 
Tynemouth the next morning The escape was planned for 
that evening (Decemlier 2r)th) What actually took place can 
with difliculty bo made out. Chailes i^muined uj) till late at 
night i-eiuly to make his cscMipe from the court in disguise, and 
Murray's actions were so suspicious that the attention of Tjoven 
was eallc(\ to him. Some one, ^lurray probably, in grey 
clothes, was observed in the grounds surrounding the court, 
and an attempt of some kind was made to pass through one of 
the sallyports in the town walls The guards were vigilant, 
however, and the project was for the time abandoned. 
Suspicion had already fallen upon the Dutch captain. On 
Thurfl<hiy, the .Slst, therefore, Peukcr was despatched to 
Hartlepool with u letter to the governor, Lieut.-Coloncl 
Douglas. He had not proceeded further, however, than half-a- 
mile Ijcyoiid <iabcsliead when, as he expressed himself in his 
evidence given later in York, he began to ponder ‘ the conse¬ 
quents of that business,' and ^ not being willing to be accessory 
to an action which might prove so prejudicial to the kingdom,' 
he returned to Newcastle and laid the whole matter before the 
Mayor. After some consultation with two of the aldermen, 
it was agreed that Feaker should ride over to Hartlepool, 
deliver the letter, and return to the Mayor with a report of his 
mission. Upon his arrival at Durham, Peaker heard that 

10 
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Oolonel Douglas was attending some horse races near New¬ 
castle. He turned back, reported himself to the Mayor, and 
returned to his duties at the court. In his alAcnoo, however, 
the Mayor had given Leven a hint us to what was taking place, 
and Leven, on January Ist, spoke to Murray on the matter. 
Murray at once concluded that Peaker had given information, 
and accused him of having done so. Nevertheless, * Master 
Toby,’ as ho is called in one news-sheet, was sent, on January 
2nd, witli a further message to the Dutch captain. Poaker’s 
courage, however, had by now evajioratcd. I-iCaving Murray, 
he obtained a pass from the Mayor, and rode post-haste to 
York to lay his information before Skippoii. 

It was not until January 1st, accoi'ding to Peaker, that 
Leven was informed of Clmrles’ projected escape. But the news 
reached London on January 2nd, and us early us December 26th, 
measures had been taken to secure the King. The Scottish 
Life-gmuds hod been detailed for sentry duty, and on the Slst 
four officers from each of the Scottish regiments had been caUed 
in to form an additional guard. Bven at his games of golf 
Charles was carefully guarded. In his own apartments at the 
Court guards were set, and he sulTered considerable annoyance 
from their constant smoking. ‘ I must tell thoe,’ ho writes to 
the Queen on January 2nd, Hhat now I am declared what I 
have really beene ever since I came to this army, which is a 
prisoner, for the go. told me 4 days since that ho was com¬ 
manded to secure me, lest 1 should make an escape.’ 

Throughout January the interest of both kingdoms was 
centred upon Newcastle, the arrival of the various CommiB- 
sioners, and of the money which was to take both the town and 
the King out of the hands of the Scots. The money had been 
sent in thirty-six carts, under convoy from London on Decem¬ 
ber 16th, and had been met at Northampton by Bkippoti, who 
proceeded northwards with it. On January 8rd, after a difli- 
onlt aud toilsome journey over bod roads, the money and its 
escort reached York, aud on the following morning tlio arduous 
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duty of ooiuting the money commenoed. By January 8th no 
more than ^50,000 had been told and the bneineHs was ex¬ 
pected to require a week’s further work. 

Meanwhile, on Jannary 7th, the Commissionera from Scot¬ 
land arrived in Newcastle. They came both to suporiutond the 
withdrawal of their array and also to make a further appeal to 
OhorleB, Loudon once more urged the King to accept the 
Covenant, and pointed out that a refusal would leave them no 
alternative but to hand him over to the Euglial) CommiBsioners 
upon their amval. Ho refased to give a definite answer, but 
appeared still to cxintcmplate leaving tlio country altogether 
rather than to pass into the power of his English subjecta. On 
tho 14th, the Oommisaioners had a further interview witli him. 
He enquired whether ho could ht' regaidod as his own master, 
and if so, what treatment he was likely to receive if he elected 
to follow their army to Scotland. Tho noramissioners, however, 
refused to give liim an answer. On the IGtli, tho English 
Parliament was informed that tlie Scotch Commissioners at 
Newcastle were empowered to concur with tho Commissioners 
from England, upon their arrival, in such steps as should appear 
necessary for * the just satisfaction of both kingdoms/ Charles 
received tho news as he was playing chess, but continued the 
gome without showing any emotion. On Sunday, the 17th, 
a sermon was preached at court by Samuel Kem, at that time 
attached to Captain Batten's ship, tlio Litopardj on guard duty 
in the Tyne. The sermon, an elaborate plea for peace, gave 
Charles considerable satisfaction. He held some conversation 
with Kem regarding it, and desired to hear him the following 
Sunday, a hope in which ho was disappointed. 

On the Saturday following Kern's sermon, the Commis- 
•ioners from the English Parliament reached Newcastle, 
accompanied by their chaplains, Mr. Marshall and Mr. Caroll, 
and by nine gentlemen appointed to attend Charles on his 
journey to Holdenby. The King was at golf upon their arrival, 
and Leven was thereby prevented from joining the Mayor and 
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Scotch ComioiBsioucrH in tho public reception nct^rded tliem. 
On the foUowinj' day, Sunday the 24th, special sermons were 
])reac]ied at court by an Englishman and a Scotchman, and 
Charles was os much pleased b) the formci* as he was offended 
by the latter Marshall and Carol!, neither of whom Charles 
could tolerate, preached to tho CommisHioners. On Tuesday 
the 2(;th, he gave audience to the Commishiouei's. 1'hey 
informed him, shortly, that tliey wx»rc sent to a)nduct him 
to Holdcnby. Oharles replied, that though their mt^ssnge 
was brief, it yet demanded some consideration, and lie w^ould 
give them an answer in a day or two. lie cougriiLuIat<d the 
Earl of Pembroke ou tho \igour which enabled him to under¬ 
take so arduous a journey, and enquired as to the condition of 
the n>adfl over which they invited lam to travel. To Ins 
request that he might be allowed tlm services of his owu 
chaplains at Holdenby, the CommiBsionein could give no 
encouragement. 

Already the first £100,000, which had Ixjtm paid over to tlie 
Scots at I'opcliire on tho 21st, had readied Newcastle. The 
remaining £100,000 set out from Northallerton on the 27tli, 
and was expected to arrive by tho end of the wtvk In 
accordance with the arrangements whicli hod Itoeu made, the 
Soots had withdrawn from their giunsous on the south of 
the Tyne, while in Newcastle a force of 600 only remained, 
ready to march out as soon aa Skjp£)on entered Cateshead. 
On the 28th, they ostabUslu^d tluMr headquarters at Morpeth, 
and everything was ready for their final evacuation of tho 
country. On that date Charles made a further endeavour to 
sound the Scotch Oommissloners. Ifo asked them if it w'os 
actually their intention to deliver him up ? They replied that 
the course ho harl adopted left them no alternative, Charles 
at once sent for the English Commissioners and expressed his 
willingness to set out with them for Holdenby on the following 
Wednesday. 

On Saturday the SOth, Skippon entered Newcastle and tho 
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Hcotfl marched out of it fieven bad given ordera to his troojm 
to treat Skippon and the English as becometh brethren,” so 
that there miglit be “ a friendly and brotherly parting ” On 
Febniary the Si-d, the day of Cliurles’s departure, the second 
£100,000 was paid over, and so tei minuted on occupation of 
English territory which had lasted smcc 1C44. 

For Charles’s journey to Holdenby prepamtion had been 
made A grant of £3,000 hud lieen made in Parliament to meet 
its expense, and caml^;cs and teams of horses had been 
requisitioned to carry the King's baggage. On Felimary Ist he 
bade farewell to such of his attendants as were not to accompany 
him to lloldcnby. On the morning of the Srd, attended hy the 
Commissioners, by the nine gentlemen in attendance upon 
him, and guarded by a troop of 1)00 horse, Charles left 
Newcastle, nud by easy marches reached lloldcnby on Febniary 
the IGth. 
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liiDtHttii «f fntliaiit y|il«op(iird SirMn 

(AltSTRACTKI) FROM THK MiNrTKB). 


November 4 th, 1897 . 

(At the Ooujme or Sciehob, Profxkiwb Lbbodb dt the Chair.) 
The following candidates were elected members of the 
Society:— 

Rev. Mark Fletcher, M.A. I J. G. Dixon. 

W. D. Arnuon, M.D I Rooeb Doddb. 

O, G, Turner. 

The following officers were elected for the session 1897-8:— 

Prt^vUnt * 

The Vert Rev. The Warden. 

Vict^Prt^dfntH • 

Rev. H P. Gurnet, M.A , D.C.L. 

F. B. Jevons, M.A., D Litt. 

J. T. Merx, Ph.D., D.C.L. 

pRorEttKiH G H. PHiLirsoN, M.A.f M.D., D.C.U 

Rev. a. Plummxb, M.A , D.D. 

Rev. U. B. Trietbam, M.A., J> D., F.KS. 


A. W. Ashton, B.Bo. 
Robert A. Bolam, M.D. 
W. Campbell, A. So. 


Commtiiee * 

pROmeoR R. Howdsn, M A., M B. 
pRorasoB G. A. Lebour, M.A. 
PBonsBOR R. A. Sahjpbon, M.A. 


If on, Secreiaruii: 

F. O. Garrett, M.So. {OolL 8c,) 

G. O. Turner {CoU, Med.) 

pRonssoR Loun ud M& H. F. StOokdale were elected Aaditore, 
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Mr, F, B. Watflon read a note on i Wirelcaa Telegraphy,’ 
exhibited Bunplc forma of the two inatrumenta need for thia 
purpoae, and gave some ex|icrLmental illustrations, the exciter 
being in another room, and the waves having to pass through 
two thick walls before they could reach the receiving 
instrument. 

Profcasor Ijebour exhibited a aonea of geological models, 
designed in 1841 by the late Mr. Thomas Sopnith, These 
models represent in the clearest manner the lebitions of oui- 
cropa to contour linca, the elfecta of faulting, and tlioac of the 
intcraection of veins. All are made to scale from actual casea 
observed by Mr. Sopwith in the miuing diatnet of AllenlK'ada 
and Alston. 

Mr. OaiTctt referred to the advantage of printing Tiau- 
and after some dlacussion, it was resolved ‘ that if 
practicable it is desirable that the Tamfiftr/toiiH Isi printed ’ 
The Committee wua instructed bo report on the matter. 


December andi 1897. 

(At Tir* CoLTJMX of Science, Mb. W Oami*iiktj. is the On air.) 

On the recommendation of the Commiitt^, it was rcaolvcd 
to print the Tramactiomy and also that the manuacniit of 
any paper which the nnthor desires to publish lie sent to the 
Secretaries, and that it bo the duty of the Committee to dc( ido 
whctlier these jiapcni Ihj printed in full or in abstract. It was 
also resolved that a list of members be published in the 
Ti itmaefionHy the original members l>eing distinguished by an 
asterisk. 

Mr. David Tyzack was elected a member of the Society. 

Mr. J. Cooper read a note on ‘ The Combination of Copper 
and Sulphur,’ and illustrated it experimentally. 

Mr. Meek read a paper on, and exhibited a collection of, 
OrapfolitBs from Dobb’s Lynn, and another made by Mr. Camp¬ 
bell at Swindale Beck. 

Mr. Shaw exhibited some specimens of gold bclliiride. 
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February 3rd, 1898. 

(At thk Colle(,k op 8cixnc% Pbopx!«ub Ledouk im the Chaib ) 

ProfesBor Qooifje R. Marray road a paper on ‘Dnctless 
Glands and their Secretions,' and exhibited a scries of diagrams 
and photographs. 

Professor Lebonr referred to the connection between goitre 
and geology, and spoke of an investigation with which he had 
been associated, which had for its object, the discovery of the 
relationship beti^tK^n (^ndcmic goitre and the rocks of the affected 
districts. 

Professor Lebour exhibited a very fierfect sjiecimen of a 
stone ‘ celt ’ whicli Imd lieen discovered near Boldoii by Mr 
Sharpe. 


March 3rd, 1898. 

(At the Coiix.k St ihNcr, Dr. Mkh/ (Vick I^P'tTDKNT) 

IS THK CllAlK ) 

Principal Gurney read ‘Some Notes on the (ieology of 
Finland.’ 

Mr. L. L. Beliufunto gave an account of ‘A Journey in 
Russia during the Summer and Autumn of 1897.’ 


May gth, 1898. 

(At Umvebhity CoUiKOE, the Pbeside>t nr the Chaib.) 

The following candidates were elected members of the 
Society 

F. O Solomon. | H Wabd, M.A. 

Robebt Wklpobii, M.A. 

Mr. Terry read a paper on ‘ Charles L in Newcastle.’ 

The President exhibited a miniature of Cromwell which had 
desoended in his family, and in which he is represented with 
long hair. 
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It has been cynically aaid that the uac of longnoKc la to 
conceal one'a thon^hts, and if it be not qnitc true that the 
nae of u title to a paper la to mystify one'a audience, it may 
at least be admitted that it la often by no moans an easy 
task to invent one which shall ho accurate without circum¬ 
locution. I do not pi'ctcnd to have succeeded in the quest 
of a title: let me a little amplify tliat which I have chosen. 
I wiuit to bring before you this eicning some coiisiderationa 
respecting tlie first appearances of life in tlie sea and in fresh¬ 
water, rcsixictiiig the present character of the fresh-water 
fauna, and lastly rc8]icctlng some of the causes which have 
probably been concerned in its development. 

Accepting, as almost all naturalists now do, the general 
idea of evolution, we must believe that all organic life hud 
its beginning in the most simple form, and that those 
complexities and dliferciitiatious of structure which we now' 
see everywhere around ns have been gradually acquired, partly 
perhaps os the result of competition in the race for hfe, portly 
in response to the action of external conditions, luid still 
more probably from causes of which we os yet know little 
or nothing.- And if it has become evident that ‘natural 
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ttclectioii’ has not been the aH-Hnfhcient cauee of gpeciiic 
development—ns some of the followers of Darwin have 
believed—let us remember that that great idea still holds the 
held, and that even if it passed ont of sight to*morrow, the 
observations upon which it was bnilt, and the clear enunciation 
of it ns a working hypothesis, gave a now impetus, a new life 
to the study of Natural Science, with which the name of its 
illustrious author will ever l)e indissolubly associated. The 
present generation has, of coarse, been nurtured fnim its birth 
on the Darwinian idea, and it is perha^is only those amongst 
us who remember the dry bones of the pre-Darwinian era wlio 
arc able adoiiuatcly to appreciate tlie rejuvenescence which 
followed. 

Tlio simplest conceivable form of life—seeing that life 
cannot exist apart from protoplasm—wonld be a speck of 
undifferentiated protoplasmic material. But we know of no 
living organism <]nite so simple ns this. There is nsually an 
external envelope or cell-wall, and nn inner vital point or 
nnclens, without which it appears that reproduction is 
imjiOBSible. There are doubtless cases in which this nucleus 
has not been observed, but such evideni'e is at the best incon¬ 
clusive, and the chances ore that sooner or later nil actively 
reproducing cells will be found to lie nucleated. A spherical, 
nucleated cell, microscopic in size, we may take to be the 
most prinutive independent orgamsni. Many such creatures 
are known to ns, all of them inhabitants either of water or 
of very moist media. An aquatic environment would seem 
necessary to preserve the moisture of the cell and to allow 
of gaseous interchange between it and the surrounding medium. 
Vital processes resulting in waste and demanding recuperative 
SBpplies from outside, need of course such interchange. But 
there is a very definite limit to the growth of such a cell. 
Herbert Spencer has pointed out that inasmuch as the 
periphery of a sphere increases only in the ratio of the siinare 
of its diameter, the contents increase as the cube of the 
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diameter, and eoeing that the oell-oontents are ito vitally 
active portion, there must come a time when increase of 
bulk ontmns the capacity of the periphery for the necessary 
nutritive and excretory processes. In this predicament the 
required increase of surface might l)e obtained by the indenting 
or invagination of the cell wall, which would probably bo the 
first step in the upward process, and would be followed by 
still further amplifications of secreting and excreting surfaces, 
resulting ultimately in those elalwrations of structnro which 
are characteristic of the higher animals. And as a matter 
of fact this invagination is the first step in the development 
of the egg, constituting the structure called a (lastrula—a 
stage characteristic of the higher animals,—of the Metazoa 
os opposed to the Protozoa. 

That life originated in the sea is an article of the orthodox 
zoological faith. In the shallow littoral region, where warmth, 
shelter, and the action of the tides w'ould greatly favour both 
animal and vegetable growth, we may suppose that the first 
tentative efforts at life occurred From this zone, under the 
influence of that struggle for existence which would compel 
migration to new and nnexploited regions, wc may believe 
that the depths of the sea on the one hand, and on the other 
rivers, lakes, and the dry land would e\cntually become 
popnluted. 

How very real this struggle is,—how every nook and chink 
and cranny which may afford a means of livelihood is quickly 
seized upon, every observer could easily illustrato from his 
own experience. Let me quote one or two familiar instances. 
Dr. Fritz Muller found in little reservoirs of water contained 
at the bases of the leaves of a Bromelia, in Sonth America, 
numbers of a small bivalved Crustacean belonging to a group 
of Entomostraca commonly found in lakes and ponds; this 
species (Elpidium Bromeluirum) having found the little 
Bromelian tarns nntenanted, and offering a pleasant retreat 
^far from the madding crowd’s ignoble strife,' house rent 
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free, watrer laid on^ and no rates nor taxes, wisely accepted the 
tempting ofTcr, and has not as yet been ejected by any other 
aspiring tenant, though we may be sure that there are plenty 
such prowling aronnd and ready to take advantage of any 
little illness or misfortune befalling the present proprietor. 
Very recently I had sent to me specimens of an Entomostracon 
belonging to a nearly related group—Oopepoda—which hud 
been found in a simikr position on a Rromcliaoeous plant in 
the gardens of the Royal Botanical ^Society : this is, I thinks 
an undesenbed form. But, on the other hand, some plants,^ 
resenting ibis kind of intrusion, have developed traps and 
digestive juices which make short work *of the intruders. 
The bladders of Utuciflarta and the pitchers of ^arurmita 
am coses in point; insect# entering these precincts are in 
the first place prevented by uiechauical contrivances from 
getting out, and are then digested by the action of an acid 
peptic juice. 

A general comparison of the present fresh-water fauna 
with that of the sea shows that one very important group 
of marine animals— (Krhnuuhnmi )—is altogether absent, 
and that another largo group (OeUnkia) is only very feebly 
represented. Only two classes have a preponderance in fresh 
water—the Amphibians (frogs, ne\%ta, and the like), which 
are altogether terrestrial or fresh-water in habitat, and Insects, 
which although not largely represented m fresh-water, are even 
more scarce in the sea. But this part of the subject must 
bo considered more closely. To begin with the most lowly 
organized group: amongst Protozoa, the two large classes 
of Radiolaria and Foraminifera are almost without exception 
exclusively marine, and seeing that a very closely allied group, 
Amcebeo, has established itself hrmly in fresh-water, where 
it is almost ubiquitous, it is not easy to understand why its 
near relatives have failed to do so. Foraminifera of some 
kinds are abundant in the cstnaries of tidal rivers, and may 
be found even in the pools of marshes where the water is 
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only very slightly salnie, but further than this they do not 
seem able to penetmte. And in such localities they aro 
invariably depaupeitited, the tests becoming thin and deficient 
in lime. The salt mai'shes of our own district supply many 
interesting illuRtrations. It is possible that absence, or 
diminished quantity, of lime in the water may be a chief 
cause of the absence of Foraminifera, just as the sub-acidity 
and * softness' of the water of peat-mosses seems to render 
it unfit to support Microzoa with calcareous Bhells, while 
those with merely chitiuous valves are often abundant. 

Sponges are almost wholly marine in tbeir distribution : 
they comprise about forty families, only one of which lielougs 
to fresh-water. Of the Ou'leutera (jelly-fishes, zoophytes, 
&e.) only three families out of u total of about seventy are 
represented in I resli-w ater, these lieing the well-known Hytha 
and Conlijhphou!^ and two small MeduH;e— fAmiM€4uiutmy found 
in the Victorm-regia tank of the llotamcal (jardeiis, Regent's 
Park, and another, JAmnotnuh^ in Lake Tanganyika. The 
heterogeneous group Vermes inclndes many freeli-water forms, 
but the larger and more impurbunb section Arthropoda is 
very imperfectly represented This division includes Crus¬ 
taceans, Spiders, ('entipedes and insects, the first of these 
classes occurring abundantly in the sea, but, if wi» except 
the mieros(X)pic Entomostraca, not making much show in fresh¬ 
water : in oui own country the ouly fi'csh-water delegate from 
the larger Crustaceans is the common Craytish ; the Spidei 
class shows up fairly well in frt^h-water, but is absent from 
the sea, if we except the Mites and Pycnogous. Centipedes 
are wholly terrestrial and insects almost wholly so, only very 
few marine genera being known ; in fresh-water, liowevcr, they 
are more abundant, es}>ecially during tbo larval condition. 'Fhe 
Mollnsca (shell fishes of the whelk and oyster type) are chiefly 
marine, though some families are largely represented in fresh¬ 
water. Of aquatic vertebrates, fishes are of course the most 
important, here, of 187 famiheSrd6 are found in fresh-water. 
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bnt many of these very sparingly. The Amphibians have 
already been mentioned ns entirely absent from the sea. 

Speaking generally, then, it appears that very few animals 
have been able to establish thomsolves in fresh-water, and 
those which have succeeded have been enabled to do so by 
very various devices and modifications of stmctui'e. It may 
bo interesting to refer briefly to a few of these. Professor 
Sollas, in a very interesting paper published fourteen years 
a'^o, BuggcsUMl that amongst the principal causes that have 
interfered with the spread of animals to fresh-wnter may lie 
reckoned, flrtiih/^ the prevalence amongst marine animals of 
lnr\al forms so feeble ns to be unable to withstand river- 
currents ; itpcoatlit/^ prejudicial fluctnations of temperature in 
fresh-water ; ihinfit/y disturbing jihysical anises, such os floods, 
droughts, upheavals and dei>res8ion8 of surface, etc The 
consideration, however, winch most naturally suggests itself 
is the uon-sulinity of fresh-wnter, which might ho expected 
to exert a powerfully deterrent influence. But this would 
probably not have been in itself insupemble; many Ashes, 
such as the salmon and lamprey, live alternately in fresh and 
salt water, and M. Beiidant found in the course of experi¬ 
ments on the marine molliisca that by the very gradual 
addition of fresh-wnter a large proportion of the animals could 
be thoroughly acclimatised. In these experiments thirty- 
seven i>er cent, died; but os a check-experiment, out of those 
kept in captivity in unit water thirty-four per cent, died, so 
that want of salt cannot have Ix^n to any great extent the 
cause of mortality. Bearing on this question there is the 
often-(|uot€d case of the Brine Shrimp, Ar/min sallna^ a 
graceful little Crustacean which used to inhabit the salt-pans 
of Lymington and other places in England, and may still be 
found in brackish water abroad, 'rhis crentui'o lives in water 
containing about four per cent, of salt, bnt in much stronger 
brine, containing as much as twenty-flve per cent., there occurs 
another slightly diflterent form A. MuUItausmti^ and It seems 
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to have been proved that thoao two forms are transmutuble, 
their special characters depending entirely upon the degree of 
salinity of the water. Tt has even been stated that the trons- 
fonnation may be carried still further, so as to produce an 
entirely distinct genus, Branehipim^ but tliLs statement rested 
undoubtedly on erroneous observation. Tt is scarcely likely 
then, sufficient time being given, that the absence of salt would 
of itself interpose on insuperable barrier to the acclimutisation 
of marine life in fresh water. 

A very interesting illustration of the effects of varying 
salinity is found in the shells of the Aral *Sea cockle. The 
‘ terraces ’ round this inland sea contain many cockle-shells and 
have been carefully studied on the spot by Mr. Bateson, to 
whom I am indebted for the series of sjiccimens shown to you 
this evening. The Aral Sea has for long been grmlually con¬ 
tracting its area owing to loss of water by evaporation, its 
former boundaries lieing iiiditjated by a wTies of terraces 
extending inland—in some places for ninny niilcs -to a great 
distance from the present basin. These terraces (^nitain shells 
of the common cookie {Cnrdnmo rdvh) whicli, wlien compared 
w'lth those now living in the lake, show gradually progressne 
alterations of character from the earliest and least saline con¬ 
dition of the water down to the prasent time - alterations 
affecting the si^o, tliickness, scniptui'e and colour of the shells 
Ynnations of similar kind are found in the cockles of our own 
country -depending, doubtless, on varying environiueut. 

A remarkable instance of recent migration is that of the 
Hydroid Zoojdiyto, Vordylophora^ which, first found by 
Professor Allman in 1854, in the Docks of the Grand Canal, 
Dublin, is apparently extending its area of distribution, having 
been more recently found in the Seine and in the Norfolk 
Broads, while in the water-pipes of Hamburgh it has become 
so rampant as to partially block them. .Vssuming this 
extension of area to be real, and not merely a result of 
closer observation, the question arises, How has dispersal 
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been efTected ? There are epecial difllioaltiea in the case of 
Cordyloptiora to which I will return later on, bnt as bearing on 
this part of the subject, Mr. Clement He id's interesting study 
on the distribution of plants and molluaes in isolated ponds 
limy be briefly noticed. The ‘ dew-ponds ’ of the South Downs 
are wholly artificial - made for the sake of the cattle in 
an almost waterless district. They are fed solely by rain 
and by percolation of water through the soil, are mostly far 
from roads and houses, and at elevations of several hundred feet 
above sea level. Yet a hen once made they very soon begin 
to be popnlatcd, and in time c^ome to support a tolerably 
extensive fauna and flora. Water carriage of germs is of 
course here out of the (jucstion Ova of minute animals, 
such as I’otifci's and entomostraca, may sometimes l)C 
desiccated, blown about as dust, and so find access to tlie 
ponds in a living condition . but seeds or ova of plants, and 
larger animals like inollusca, are moi*o likely to be carried from 
place to place on the feet of birds, entangled often amongst 
shreds of algm or other aquatic plants 1 have myself m.ide 
a rather cursory examination of some of these Sussex iionds, 
with a view chielly to their crustacean contents, bnt ha\o 
unhappily mislaid my notes The general result, bowcier, 
was that they contained a somewhat restricted cnboiuostracan 
fauna similnr in kind to that of tlie surrounding district, and 
I am disposial to think that tninsfcrence by birds, even of 
these microzoa, is a more probable means of dispersal tbun the 
agency of winds and dust 

A point specially emphasised by Professor Sol las is the very 
feeble swimming capacity of the larva in many marine animals, 
an observation, liowever, m which Hollas bcgius to have been 
to some extent anticipated, os he himself states, by Semper. 
This, one can scarcely doubt, must have hod a distinct 
influence on distribution A vast number of marine inverte¬ 
brates leave the egg as ‘ ciliated planulos,' minute microscopic 
structures which swim freely, but only by means of very 
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delicate cilia^ and arc thus entirelj at the mercy of currents 
and external influences these organisms could, of course, make 
no headway against even a feeble river current, and uould never 
be able to establish thcmHclves in such positions. We do not, 
therefore, find larval forms of this kind amongst animals 
inhabiting running water, though they do occur not infre¬ 
quently amongst lacustrine species. It would seem, indeed, 
that to hold their own against river currents animals must be 
hatched in a condition suitable for immediate attachment to a 
fixed base or with the mature muscular activity of the parent. 
I'he two Mednsto already referred to are interesting examples 
of a feeble larval condition, and, seeing that they belong to a 
typically marine group, it is not easy to account for tbeir 
presence in fresh-water lakes : it may safely bo said that they 
cannot have got there by way of river channels, but they must 
nevertheless have originated from some marine medusoid form. 
In Uie case of the African sjiecies— lAmnornidfi —a possible 
e\pIanation may bo this ; it is beliexcd that during the later 
Eocene period a great sea covered the northern part of that 
continent, stretching from the Mediterranean to t^e Boy of 
Bengal. On the retreat of this sea owing to elevation of the 
land, the great lake basins—Tanganyika and others—were left 
behmd, and in them we have the remains of a modified marine 
fauna. (Not only Medusse, but fishes of types hitherto looked, 
upon us purely marine occur there.) The necessary adaptations 
of the adult animal once effected, the ciliated embryos would of 
course be subject to no more risk than in the waters of the sea. 
'I'hat such relics of old marine populations do exist is shown by 
the presence in some of the lakes of Britain and Soandinavia of 
certain Crustaceans which appear to have been left behind after 
the retreat of the sea from those areas, and to similar causes 
may perhaps be attributed a not insiguifleant portion of the 
present fresh-water fauna. 

Among the lower fresh-water animals sponges constitute a 
very restricted but interesting group, which seems to have 
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adapted itself to the neir conditions in a romarkablo waj. Tbo 
ordinary method of roprodnction in sponges is by means of ovu, 
which hatch out as frec-Hwimming ciliated larvte—soon, how¬ 
ever, losing their cilia and becoming attached and stationary. 
The fresh-water sponges, however, are able to bve in runtiing 
water, where ciliated lun'tc would be impossible. The difficulty 
has been solved by the production towards the close of summer 
of numerous hard-coated, spherical ‘ gcmmnles,’ which 
I’cmain eml)edded m the sidistance of the parent sponge, are 
set free by the decay of the protective tissue, and develop 
directly into new sponges. This process seems to l>e chiefly a 
provision against the effects of extreme winter temperatures, 
which might, and probably often do destroy the parent sponge, 
but are successfully resisted by the gemmules In marine 
sponges, which are not exposed to the same vicissitudcH of 
temperature, 1 'epi‘odnctiou by gemmules, except in the case 
of a few species, is unknown. 

One remarkable modification which may have helped hii’gely 
m the establishment of u fresh^water fauna is the compiint- 
tively large size of their ova. The great number and minute 
size of the eggs in most murine fishes are familiar facts. A 
mackerel, for instance, is said to produce from 80,000 to 
90,000 eggs, a cod 5 millions, a conger-eel 15 millions, while 
.those of the salmon, spawning in fresh-water, are very much 
larger and of course fewer. Tlie smaller an egg the le^ts 
nutritive yolk it contains, consequently the embryo must batch 
out earlier and in a comjiarathcly small, immature, and helpless 
condition; the vast majority of the fry, thcrefoi-c, fall a prey 
to voracious neighbours, likely enough eaten by their own 
imrcnts. But the young salmon, hatched from a larger egg, 
is stronger, mon* fully developed, and better able to hold its 
own against an adverse environment. 

Again, the river craytish, though a smaller animal than the 
common lobster, has much larger eggs, and these are hatched 
in a form very like the parent, but specially provided against 



the stress of currents by temporary hooks, which enable it to 
grasp and hold on to the matenuil feet. The larval lobster, on 
the (X)iitrary, is {Kiorly developed and minute, and has to pass 
through several fi*ec swimming phases liefore attaining the 
adult form; it would not have a cliance for life in a running 
stream. But amongst (^’ustacea, the only fresh-water group 
which has been thoroughly successful is that of tho £nto- 
mostraca, which reproduce in xary various fashion: some are 
viviparous, some produce o\ a whicli are always relatively large, 
but whicli may undei'go extensi\e traiisfomation, some have 
taken to paiusitic life and liecoine veiy much altered in 
consequence, while others have adopted a supplementary system 
of eggs meant to resist vicissitiulea of climate None of these, 
though strong swimmers even in their early stages, would have 
been able to migrate against a river cuiTcnt, though well aide 
to mauitain themselves in slowly moving water. But we 
have seen how soon they may iiuike their apjiearance in new 
ai)d isolated waters like the dew ponds of the South Downs, 
brought thither by winds or by birds, and in this way it 
is easy to aecouiit for their existence in lakes and ponds. 

An interesting fact connected not perlmiis with the origin 
but certainly with the maintenance of the fiesh-w^ater fauna, 
and especially noticeable amongst Kntomostraca, is tho extreme 
tranK]iareney mid often the extreme tenuity and slenderness of 
limb in deep-water forms. These charactei*s, however, are 
shared equally by marine and fresh-water siHicies, The truiis- 
pareucy and ubsimce of colour would seem to be protections 
against the voracity of larger animals, and may perhaps, as 
some of tbom are kiiow’n to be exceeilingly voracious, assist 
them lu tlieir own depredations among smaller ones. 1lie 
abnormal length of limb probably gives agility in swimming, 
and could ue\ cr have been developed except m absolutely still 
water; amongst the vegetation of tho shallows and the troubled 
waters of the surface such structures would speedily l)e maimed 
or cntauglcd. Thus it is only amongst littoral forms, living 



nmongfit vecdR and surroniidingB of \aried colour that we find 
conspicuous coloration, uad correlated with this a marked 
compat*tncR8 of external form. 

Cordtflo}}horay already referred to, has, like most other 
hydroids, a free swimming larva; lienee the difficulty in 
accounting for its rapid extension of area in fresh-water. 
Fnithcr observation is needed res])ectiiig it, but it has been 
pointed out that in its migratory movements it is largely 
associated with Drmaena poltjmoi phtt, a inuHsel-hke mollusc 
which is spreading in a similar fashion. Tho only other fresh¬ 
water coeleutorate, tlie common Hytha^ differs altogether in 

I 

its reproductive methods from Co} dylophm a nnd the Modnsie : 
it has thoroughly acxximmodnted itself to external conditions 
by producing very lan?c ova which hatch out at once almost 
in the adult form. 
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On a BAoncuiAL Dishask —Wiutb-Rot— ov 
TIIR TlJKNir. 


Hy Prof«)88oi M. C. I'iittbh, M.A., K.L.H. 

[Alwtract of a pastor rcatl l^eccmbor Hth, IA08 ] 

The mitihor hm found in the early autnnin nnmeronR tumipa 
whoHC rootH, wlicn fully f^rown, have bei'ome completely rotten. 
The rotten portion pruHcnts a whiU% |:clozy appearance, ifnd the 
tiRAuefl arc reduced to a soft, pulpy condition , the ccll-wulls arc 
much swollen, faintly stratified, and Bcjiarate from each other 
alon^r the middle lamella. The decajinp; mass is infested with 
bacteria, but the most careful mici'oscopir search has failed to 
detect any fnn^'oid hy[>h»e, and no fuii^i have appeared in the 
experimental cultures. 

The rottenness can be readily introduced into a sound root 
by inoculation at a wounded surface ; from this point the decay 
spreads rapidly through the root, the leaves gradually turn 
yellow, and in abont fourteen days the entire plant has 
Buccumlied. 

Among the bacteria found in the rotten mass one has been 
isolated, which, when sown from a pure culture on to tnmips, 
under sterile conditions, induces all the characteristic ofTects of 
the “white-rot.” The liquid expressed from the pulp of one of 
these cultivations, when {lasded through a Pastenr-nhamberland 
filter, yields a clear, light yellow filtrate, which was found to 
have the same powerful action upon the living cells of tho 
turnip, causing the swelling of the wall and tho sopamtion of 
the cells by the dissolution of the^middle lamella. This action 
was destroyed by boiling. When diluted with four to five 

Id 
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volnmoft of alcohol, the extract yields a copious flocculent pre¬ 
cipitate ; the jirocipitate was dried and digested with a little 
water, and the solution, after filtration through the Paateur- 
Ghamborland filter, was also found to have the some e(Tcct upon 
the cell-walls, the action again Ixiing destro}cd by boiling. 1'hu 
whole uppearonce of tbc sections corresponded exactly with 
those taken from turnips afTec.ted by the rot. The hactenum, 
therefore, secrc'cn n cytnse onzyinc, which, in hoiilthy living 
tissues, disHoIvcfl the middle lamella and causes the swelling of 
the cell-wall. The same enzyme is produced when the 
bacterium is grown in Kocli'n bouillon ^ 

A diastatic enzyme, and one which converts lignin int<o 
cellulose, an' also secreted 

The bacterium has a single iiolar Dagclluin, and, adopting 
Mignla'fl clasaifi<‘ation, the author has ventnrcil to deRCiil>e it 
under the name PatufUmmufa iMrw fam, 

(IbNKKAI. f’lIAHAfrTEIUSTICS. 

Short rods about long hy broad, witli one polar 
flagellum. 

liapidly liquefies gelatine, forming circnlar whitish colonies 
in petrie capsules. 

Agar-agar, whitish glazy growth 

Stab cultures grow along the ti*ack of the wire, rapidly 
forming a funnel 

Aerobic. 

Parasitic on turnips, potatoes, carrots, but not beetroot, 
forming a cytasc. 

Copious evolution of carl>onic acid during the fermentation. 

Infection by P* tisHtrui'ffinH appears always to* be introduced 
at a wound, and it is powerless to set up decay unless placed in 
contact with the jiareiichymatous cells of the cortex. Having 
gained an entrance, the organism penetrates the living tissues 
by means of the intercellnlar spaces, and by the action of the 
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enzyme it bruuks tlirongh tbe mtcrcellalar snbBtaneo and 
traveracfl the middle lamella Many of the intercellular epocea 
are crowded with bac^teria^ and in Bome Bections they are found 
lying in the track of tbe middle lamella. 

Enzymes, Bimilar in iiatui*e to that described above, have 
liecn demonstrated by Marshall Ward for Hotryhs and do Bary 
for Sthrohma, In many parisitic fungi tlie hyphic also travel 
along the middle lamella in the thickness of tbe cell-wall. The 
action of the bacteria then upon living plant tissues ih ehown to 
1)0 strictly homologous with that of the parasitic fungi. 

r ikutnutitm llouribhcd ujion nutritive media, and, even 
after many cultivations, could readily bo luoculatcd from these 
on to pieces of living turnip, producing all the effectB of the rot 
m about twelve houis. cultures, Ikoth on nutritive media and 
on the turnip also rapidly mvaded the tissue of the potato. 
Whether, therefore, it has any existence in the sajiroptytic form 
or not, it has evidently become strongly cstabliBlied us a imrasite 
attacking the tuniip, and probably is not confined to the turmp 
alone. 

Bacterial disease of turnips is much more conniion than is 
generally recognised, and tbe one now descrilied is often very 
destructive to the crops Many other organisms, either singly 
or m combiuatiou, play a very important pjrt in the destruction 
of hving turnips and swedes. In addition to Bacteria and 
Plamodwi^liont hhimrte^ the author has found the Cruciferous 
crops to be attacked by Bofrytm^ and also by 

Fyfhtum; and it is prolmble that those do not exhaust the 
list of vegetable parasites for this crop, but further rcAearcli 
is necessary before it is possible to separate the various 
or^uuisiuB and assign to each its rdle. 
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On raE Post-Embryonal History op Voluntary 
Musoles in Mammals. 

By Alexaniifr Mekk, M.8o. 

, [Head January IQth, 1899.] 

The growth of mnmmalK may be eaid to Htnrt with the 
diviaion of the ovum, a cell which, though much the game in 
size and appearance in all the placental mammals* yet poHaeBSOB 
that within it which determines not only the species and even 
the variety of the species, but the individual Growth during 
the early part of the first period of existence—the intra¬ 
uterine—is rapid, and is characterized by cell division, but from 
the very lieginning it gradually slows down, and the share 
which cell proliferation takes in framing the organs and tisHues 
naturally also l)e(;omea less. Growth still proceeds, however, 
during the whole period of intra-uteri no life—a ]>eriod which 
is very constant for the sjKicies—and during a sncr^eeding part of 
the extra-uterine life, and this period of extra-uterine growth is 
also very constant for the variety and the species. Even when 
the seemingly static; adult condition is reached, cell multipli- 
<*ation still takes place as a normal accompaniment of the 
life-work of (certain of the tissues. The epitliclial cells of 
the epidenuis and mucous membranes are shed and replaced 
nt all stages of life. Bone* is capable of considerable modifi- 
<^tion, even at a lute period in the extra-uterine history, long 
after growth has ceased. During growth it is characterized 
by deposition and alisorption, bnt even in the adult stage 
bone may still bo absorbed and deposited according as the 
pressure is increased or decreased, and we may presume like- 

* A. M. The VeUrhariau^ 1807i sad these Proceedings^ voL i, put 1. 


14 
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wise accordin^^ to the life-work of the individual. Many of 
the other varieties of connective tissue preserve in like manner 
considerable powers of reproduction. 

But while this power of adjustment and regeneration is 
a natural attribute of the simpler tissues and cells, the more 
specialized nervous and muscular tissues appear to lie very 
different in this respect. The general slowing down in the 
process of proliferation during intra-uteriuo life becomes moat 
marked in these structures We have no knowledge of a 
multiphcution of nerve cells during extra-uterine life, and the 
process of cell division in the highest mammals seemingly ceases 
before birth.* Wc thus apparently start lif4*witb all the nerve 
cells W'e are to have, but it is very questionable whether we draw 
the whole of tliem into use before the end ^ The power of 
regeneration, however, is strong in the nerve fibre, which is a 
process of the nerve cell. This has been often shown by experi¬ 
ment. Tn the deer a natural replacement, ia\ul\ing bone, 
lieriostcnm, and skin, as well as vessels and nerve fibiHis, takes 
place every }ear with the shedding and subsei^uent growth of 
the antlers. 

Voluntary muscular tissue, i>upu1arly ^fiesh,' consists of 
long fibres, which are bound together by fine connective tissue 
into small bundles called fasciculi, and the*^c ogam are bound 
together to form the muscle. The number of fibres entering 
into the fasciculus and the number of fasciculi forming the 
muscle vary in different muscles ; and while, of course, for the 
same muscle the diffeiencc is great when different species are 
contrasted, it is evident also in comparing individuals of the 
same species, and even of the same family. 

This brings us to the question which the research here 
briefly described was an attempt to answer. During growth, 
are the muscle fibres increased m number, or do they simply 
increase in size ? Preliminary experiments were made by 

* Vide Zlogler'a and Hamilton's Tr-jrf Hooka qf Pathology and Donald¬ 
son’s Qrotrih oftkt //min. 
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breaking up the muscle into fibres to see how far a counting of 
a cross section might be relied upon. Longitudinal sections 
were compared witli transverse sections, and a whole series of 
transverse scetious through the whole of the middle part of the 
chosen muscle uere compared with one another. and it was 
gratifying to find that the fibres extended far beyond the part 
selected, and that no essential difTerence in number and arrange¬ 
ment could be detccte^l in widely sc^iarated sections. It was 
decided, therefore, to carefully isolate in the individuals of 
known ago the middle third of the muscle selected, aud, after 
treating in the usual ^\ay, to cut tins in each case mto trans- 
vei*8e sections. A typical sc^c^tion was counted for each stage, 
and the results tabulated.* 

The figures, without exception, showed that while the 
muscle ns a Avhole certainly incrtMised in size the fibres actually 
decreased in number. This will lie ovideut fi'om the following 
statement of the more important results 

(a) Young and Adult of the Field Vole (Anuroftt rtf/iesfut) 
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LFhT Stkrno Mastoid 
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Young male 
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Adult female 

2,110 

. 37 

1 *2426 
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* A preliminary oouiiimnioatiou was published in July, 1808, In the 
AfKfufrr^ band xiv. , and sinoe the present paper was pre¬ 
sented a further note has appeared, also in the AMttmnticher Anzdgtt , 
band xv., as well as an artielo in the Jonrua/ qf Anatomjf anti 
PhytnotoyVf 1800, voL xxxiu., p. 509, to which the reader may be 
refen^ tor iletalla. 
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(A) Left Bicsepa of Cat (Fehs liomeMitcft), 
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(r) The Sheep {Ovts One of the Outer Heads of the 

Perforans. 
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Similar results were also obtained in nn cxuinination of 
eertain of the muscles of the tame mt. It was found, moreover, 
that ap 2 »arently the conditions of extru-uterine life do not 
always afTcct the muscles to the same de^n^ on l>oth sides of 
the body , that Miriution bccoinoH most muiked the older tlie 
specimens; that the female isisaesses a less numlier of fibi'es 
than the male at the same ne'e. 

It will be noticed also that the hyjiertrophy of the fibivs 
Avliich are selected or survive, and tlie reduction in the numlier 
of fibres are expressive of the functional importance of the 
muscle. Indeed, the reduction iu numlier (uphuun) is inti¬ 
mately related to the hypertrophy of the survivors. This is 
evident on com]mrinK the above figures. 

Thus, while it is a fact that tlie ovum may dcvelope into an 
animal which expresses clearly the qualities we call hereditary, 
the final result is modified by environment. In regard to 

* Thu WM the mother of the three preceding and thoee three belonged 
to the tame litter. 

tThie speoinien waa obtained from the Newcastle Dog and Cat 
Shelter and was gnsranteod at least 3 years old. The figures show that 
it was much more than 3 years old, and its appearance and the teeth 
had already led to such an inipreesion. 



178 


nniBcle fibre in the placental mam mala at leant, the growth by 
proliferation a]ii>eurft to cease sometime bcfoi'c or not long after 
l)irtli, and then extra-uterine life biingn ulx)at a competition 
atnongst the fibres resulting m a survival of tlic fittest. The 
hypertrophy of certain of tbo fibres brings about aplasia of the 
nnfit or less fit; and us these chuiiges will be hastened by 
exercise and retarded by rest, the importance of environment 
and the conditions of life liecomc^s mniiifest. 

Perhaps, however, these considerations may lie best given by 
(pioting the concluding ]>urngrnphs fr(»ni the paper in the 
Journal of Anatomy and Phymdoqy^ where details of the in¬ 
vestigations may also Ixj found — 

In this connootion comcH a (luesiion of much nnportonco, to which an 
answer may bo attomptoil. It i», as to the effects which exercise—m 
the caao of the athloU)--an(l rtmt ami feeiliiig - from the point of view of 
the farmer pnncnwUy -iaiU have in iiKKlifying the chaugeH which have 
been (lescribeil 

We have HOcn tliat the factn appear to ehow the comhtions dcBcnbed 
above are intenaifieil the more iniportant the muscle The Hurvivul of 
the fibre, in fact, w'lll be dctci ininod b^ Ihe incaHure of tlio contraction, 
and that by the nervuiin impnlne reaching it and tlin power of reconvert- 
ing it On the other liand, rest and rclatiicl}' nutritious food must 
roiluco this tendency to Holect some hbros at tliu cxpi'iise of tlio otliers, 
and therefore make the muscle richer in fitires -if the muscle does not 
reach so high a plane of development We hear the farmers say that in 
feedmg the liest results are ohtamed by never letting the animal ^ lomi 
its calf flesh.' Tliat is to say, the animal must, by getting suitable footl, 
be kept steadily growing Relative starx^ation will nocCHsarily hasten 
the tendency to atrophy. 

The question of * feeding,' then, from the farmer's [lornt of xnew, is 
not one of making more flesh but rather by observing tho rules which 
practice has so long rocommende<l, of hindering tho reduction in tlie 
number of fibres, to nliich all flesh seems to be to a greater or loss 
extent liable 

The de\elopmont of flesh m the feeding auimal and the development 
of the muscle of the athlete arc, in fact, quiUi op]>osite in tlieir results 

In the first rase, the farmer's aim u to keep as many of the hbrea as 
he can hy not exercising too much and by keeping the bkK>d ciroulaiing 
through the muscles in a rich erudition. Novcrthcless, the stimulation 
to tho circulation which lomo degree of exercise gives must not be lost 
sight of Covered courts and similar c*onditions, when conhnement is 
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nL'ceaHary, wliicli tulinit of the animiilH moving alwui frooly. seem there¬ 
fore, with regular feeding, and other conBiderations of treatment which 
need not bo entered into here, tt> lie the nearest approacli to ttie ideal 
statu of tilings 

In the east' of tho athlete, the excreise liaBtens the choice and 
development of suitable olomeii^s, and tho muscle gains in bulk through 
thu hyiiortrophy fif thcHO It is well known, moreover, that if the 
exorcise bo not k< pt up, tho inusclo libies return to some approach to 
their old condition, and may o\cii sink l>ouoath it Tims the conditions 
ahich wo lia\c Is'en ooiisnUring as alfucting muscle asa wh<ile, are liable 
to much \uiiattc)ii fixmi external inlhienct s. The influence of ‘inloiiial 
secretions ’ is too well kllo^^nl to re<|Uirc hoie more flxau imntion ; and 
it 19 (juitc deal, moreovi*r, that tlu pressure of tlie fibres upon on< 
another, and its results, will be subjett to the influence of the relatixr 
prcssui e of neighbouring muscles and other organa 

To sum up The life liistory of minu lo Hecins tfi me to lie detormLiieil 
by ( 1 ) mhentuil qualities, present iii the feiiilised oxTini, the evolution of 
whuh 18 lontrolled by (* 2 ) internal influencos—intoriial scoretions (in- 
clntling the effects of * sox the niiitnal influence of the mnseles ujion 
one another, and of tho fibres upon niio another, and tho internal varia¬ 
tions amongst tlie fibres; and by («I) cvtenial circumstonc'es—work, 
food, habit, and indeed, the (»rflinar> and oxiriiordinary eonditums of 
extra uterine life Up to tho time of birth, m at any rate the higlier 
inammals, ptihaps in all the Kutheiia, liy]H'iplasia characterises tho 
growth of mnsde , wliilo after or aliont birth, hypcqdasia ceases, and 
extra-uterine life brings almut a sidectioii of some of tho fibres at the 
exjionso of their neighbours. In other uortls, during extra-utcrinu life, 
mnsilc, acconUng to its |k>si1ioii, suffers inoio or Itss a roiluctiun in thu 
numlier of its fibres, tho dogrio of wliieh is expressive of its functional 
importanco. 'Fho surviving elements are at the same time greatly hyper¬ 
trophied, and the extent to uhich this takes place is also exprossivo of 
the work whidi tho muscle performs, or of winch it is capable 
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A Cask of CoNOKNirAi. Malformation of 
THE Liver in the Sheep. 

By \i K\AviifcR Mk>k, M So 
[Rrml March‘23nl. 1899]* 

This abnormal liver, when it was nddi^^l to our collection in 
December, 1898, tlirouj;Ii the kindness of a local bntcher, was 
seen to consifit of a loiijir toii^ne-Bba])ed mass dcpendinc; from the 
diaphragm, with u gall blaildcr of the normal size lying altogether 
free from it. A further aimlysw showed the condition of things 
now descnlKKl. 

The tongue-shaped moss which was first seen is the im¬ 
mensely developed caudate process of tlie sjtigelian lobe, or, ns 
the butchers call it, the ‘ thumb' of the liver, while the 
rest of the liver is more or less atrophied. The left lobe 
appears to be altogether absent. There is a slight remnant 
of the quadrate lulie between the cystic and hepatic ducts 
This IS continuous through the spigelian lulie with the 
remnant of the right lobe, a remnant representing mainly 
the attached portion of the spigelian lobe. Even the 
body of the latter is slightly reduced, and the processus 
papillaris; but the free or caudate lobe Las attained to several 
times its ordinary size, forming the long tonguo-like structure 
already mentioned The reduced portions of the liver were 
closely attached to the posterior surface of the diaphragm. 
Towards the left the spigelian and quadrate lobes thin away to 
an ill-defined border. The length of the abnormally-developed 
caudate lobe from the post vena cava to the free end is 9 inches, 

* This papur also appeared In The Veterinarian of May, 1899. 1 am 
indebted to tne proprietota of that journal for permission to use the two 
blocks, Figs. 1 and 2.—A. M. 
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and tho greatest width about 4 inches, the corresponding 
lueHfiurementfi in tho normal condition being about 4 inches and 
l|l inches respectively. 

Abnormal conditions in the liver are not nncommon; but as 
the laws of development may often be better studied in their 



breach than in their observance, the recording of such cases is a 
duty wo must not neglect. 

'there arc some, perhaps, who might read in the abo\e 
described curious example an attempt at reversion to the 
condition of PetromyEon, but sneh speculations wo are scarcely 
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yet prepared for, if they ever will be desirable. It seems clear 
whatever the cause has been, whether internal or external to the 
structures concorncth that the rudiments of the lobes hod got out 
of their normal state of equilibrium in development. The result 



in this case was the giving of a start to the spigelian lobe, whose 
overgrowth or hypoplasia led to a complete suppression of the 
left lobe and considerable hypoplasia and, perha|)S, aplasia of the 
right lobe. These terms are used in the sense I have given in 

*In the abovu figure, for ‘Quaduct* road * Quadrate,' and for 
' Bill Duct' read * Bue Duot.' 
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my recent papers on the post-embryonal history of muscle.* 
It would be well to restrict the term hypoplasia to express the 
condition of failure to develop of a part normally present, and 
then the word aplasia, which is often used synonymously with 
hypoplasia, would represent the suppression of parts ivhich have 
de\eIojX!d. 

1 bi*g ro thank Mr, 0,1), Cooke for making the drawings 
here reproduced. 


Avtif An: 


1808-0. Jour o/Anat, and 1890. 
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im)CKEDINGS 

c>l< Tllh 

Untotriiti) ef Pnrliam piliuio)iti(al Socitt* 

(ABMTKVmii I-TIOM TIIK MiMITW) 


November 3rd, 1898. 

(At the Coi.i.niK ok Ltnoiu is the Ciuiit ) 


The following cnndulnU^s 
Society : - 

T. Bkattie, M 1) 

H. K Betts 
C. W CArnss. B Sc 
S H Collins 
j; G. Hatton, 

.f \V. Hay\^ vkd, W.Sc 
r IlrNTKB 

J. Wat 


L'lL* elceteil laeuiberH of tlio 


Miss A Pallistek. 

Miss M I Peal^ock 
Mi'is K \ Smuii 
.7 \ Sm\tiib, Ph.T) , BSc 
J W. Tikiknton, M.Sc. 

\\ Tjiomfson, M A 
F W VKKRI.By. 
f, B S<' 


Tlie following: proposed idterations of Rules were adopted.— 

Pule IV InBurt the hoiiIh, *butuoi more than four Vice I'resuleiitH 
Bhall Im) re elccteil in eaitli year * 

Rule VII Adil * Momlwra whoee aubfccnptions for tlie current year 
are unpaul shall not 1)0 entitled to receive the Society's puhlicationii; and 
thoAc whose suliscnptiona are two year* in arreai m may bo struck otf the 
lut of members by the Treasurer.* 

The followinj? odlcers were elected for the session :— 

Ptrwir/U 

The Veby Kev. The Wabukn 


Rev. H. P Oitbney. 
Dr. F. B.'Jevons. 
Dr. j. T Mere. 


VuV’pjvntintfft 

I pROKESSOR (1 H PmUPSOJC. 

Rev. Dh. Plummsb. 

I Rev Caxox Tristram. 
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Comnvth #• 

F. Baker. W. OAMmEM. 

PBoyEsuoH P P Bkdmon I Pkofemhur U Huwokn 

l*BOFE8H()K (v H BRAh\ pROFEflSltR K. A. 4SAM1*HUN. 

The Committee was authorised to fill the vacancy cnnsod by 
Mr Turner’s resignation of the Secretaryship. 

Professor Brady rend a pajjer ‘ On the Nature and Orij^in of 
Preeh-Water Faunas ’ 


December isth, 1898. 

(At tiie ok Science, Mr Baker in Tifcs Chair.) 

The following candidates were elected membei*s of the 
Society:— 

J. Cadman , W Maxweli^ 

C How SON. (1 Mack. 

J. Haix. F a. Wiix'ox. 

It was resolved that in future ‘Sectional Meetings* should 
be held 111 addition to the (General Meetings. The (’ommittce 
was instructed to consider and report on the arrangements for 
holding such meetings. 

Miss Smith read a note on Btfiimtts Orafu^^ a snail common 
in the Barbadoes, and remarkable in that it lays large eggs 
liaving hard shells. She also exhibited some shells and eggs of 
this snail, lent by Miss M. V. Jjetwur. 

Professor Bedsun exhibited some unusually fine specimenB of 
the ‘ Vinegar Plant.’ 

Professor Potter read a paper 011 ‘A Bacterial Disease* of 
I'unups,’ 

Mr. Solomon mentioned that the turnips lu question came 
from a trial field at Cockle Park, and that the disease had only 
appeared hi those sections which had been treated with manure 
from the sheep house, 

Mr Meek said that the sheep in this house had been attacked 
by ‘ sheep rot.’ 
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January 19th, 1899* 

(At THS CoU.KtiK f>K SoiXNCB, Ms. BaKKK in TtIK CUAIR.) 

On the report of the Committee the following sectiona were 
instituted :—1, Chemistry and Physics; 2, The Biological 
Sciences ; and it was resolved that the Sectional Chairmen and 
Secretaries should be ex offirto tnemlx^rs of the Committee. 

The following officers wore elected .— 

Chimnan Sertton /, F. C Oarrktt. 

Seci^twy T Bakxr. 

ChatrtHan qfSttfum II . >*kokrshou PifTTKB. 

Stci'tfary . A. How son. 

The Committee reported that Mr. Campbell had been elected 
Secretary, and Miss Smith was elected to fill the vacancy 
in the Committee. 

The following candidates were elected members of the 
Society :~ 

1>. H. Cakriok. I 1) Mc(Sowan. 

J. Jacobs. | R. L Thrbls 

Mr. Meek read a paper on * The Post-Embryonal History of 
Voluntary Muscles in Mammals.’ 

Dr. Bolam gave an account of the examination of a number 
of beef teas. 


February and, 1899* 

CHKMIOAIi AXn PhYSIOAIj Seotiox. 

<At THR COM.K<tX OV SoiKNCJC, MH. GaBBVTT (CHAIRMAN) IN TIIX CHAIR.) 

Mr. Baker read a note on * The Estimation of Alkalies lu 
Insoluble Subatances,' with special reference to a modification of 
the Lawrenoe-Smith method. 

Professor Louis referred to the method of decomposing the 
silicates with ammonium fluoride, and determining the alkalies 
as sulphates. 

Dr. Smythe read a paper on ‘The Terpencs,* giving an 
outline of the work of Baeyer, WaHach, and Wagner, and a 
short account of his own work on pinene. 
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February i6th, 1899. 

BioLoniCAri Hkction. 

(At TIfK CoLLFtJK (IF SaKN(*K, PBOFRHfilOH POTTBR (ChAIBMAR) 

IS TUK GhAIU.) 

Mr. Garrett ^uvo a report of the work of the Geological 
Pbotographa Committee, and exhibited the followmg photo- 
^^rapba • 

1 a&<l 2. Synoliiie jii tho (vreat Liincstont.' Fouratonca oM quarry, 
uiid 4 Khalea, Saiidstoucs ami ('oal lit Vrudhatii SandHtftnc 
Prudliam-stont* ‘(|uari}, KonrMt<itiOH. 

T) (fi-eat LimcHtonu aiicl 0\erlyin^ Shalo Fuutatc^eu quarry 
0 and 7 FaultH in (^oal Nfoatiurcfi Oi'a^; Point, Kartloy 
S Faults In Coal Mi aauroa Near Charlio's Carden, Rraton DeUval 
U Apparent uncunfoimit^ bi‘t^»ocn the Gcoiliu Limestone and the 
CavemnUH LimeHtuno Ki’enchinati a Ba^. 

10 and 1 1. Broceia Coshea . Maruleii Bay 
12 Cannon Ball Limestono (Toast near Wliitlnim. 
in and 14 luteal niu'onforuuty in t)in (Toal Measui'es Near Table 
Rncks, Whitlc} 

L"), 1H and 17. Inugiilar bedding, uitli patches of Coal Coast near 
Whitley. 

The following Committee was elected —Professor I^eboiir, 
and Messrs. Baker, Cadman, Campbell, Gnrrett, Woolacott, and 
Howson (Secretary). 

Miss Smith ga\e an iiceount of Ziegler's ret'ont pn|)er on 
‘The (\rlom Theory.' 


March and, 1899. 

CiiLMrcAL ANii Physical Skctkls. 

At thk Ooij.EOK OF ScjKNCK, Mb. Oabkktt (Chairman) in thx Cijaib.> 
Professor Stroud exhiiiitcd simple forms of apparatus for 
performing a number of experiments lu Physics, and gave a 
demonstration. He also exhibited Wehnelt's electrolytic inter¬ 
rupter 

Mr. Thornton exhibited Hampson's original apparatus for 
liquefying air in (quantity and explained tho method of workmg 



March aard, 1899. 

Biorj)uiOAL Skction. 

(At the Ck)LLi>iE Qv Sc'ienck, Mr. Meek ik the Chair.) 

Dr. Bolam exhibited several new physiological instruments 
Mr. Meek read a note on and exhibited an abnormal liver of 
a sheep. 


May i 8 th« 1899* 

(At UNXVKRsfTY C 0 L 1 .EOE, the Vkkhipbnt in the Chair.) 

Mr. Oollins read a paper on * Native Methods of Manu¬ 
facturing Sugar in India,’ illustrated by a number of very 
bcniitiful photographs, which unfortunately cannot bo reproilitccd 
here. 
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Notes on Guns. 

By Profesnor Hknbt LoutSi M.A. 

I feel a certain amount of diffidence in asking members 
of a philofiophical society to cast their thoughts backwards, 
even for a moment, to one of the more primitive toys of 
mischievous boyhood, though I venture to hope that some 
at any rate, may still remember the time when they took 
an interest in pea-shooters, 1 purpose to-night to submit 
to you a few facts, chiefly from my personal observation, 
relating to what may be called the archetype of pea¬ 
shooters, namely the blow-gun as used by certain savage 
tribes, I do not mean to assert that the pea-shooter is a 
direct, though degenerate, descendant of the blow-gun, 
because I am inclined to think that it is more probably on 
independent invention. There would, of course, be nothing 
unusual in flndmg that the weapon of one race or age has 
come down to be the toy of another, for this is by no means 
unoommon; the sling and the bow and arrow ore examples 
of such degeneration that will immediately occur to every 
one, and several others could be produced. Obviously 
they are more likriy to occur in ballistio weapons, where 
there is more room for inventive development and for the 
displacement of old types, tiian in any other. I cannot, 
however, find any record that ^e blow-gun was ever used 
as a weapon in Europe; I do not know whether it was 
known in any form—either aa a weapon or as a toy—^in the 
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claBsical ages, and hope to elicit some information on that 
point from members of the societj who may have devoted 
special attention to classical weapons. There are, more¬ 
over, certam reasons why one would expect blow-guns to 
be confinod to inhabitants of tropical countries. In t^e 
first place the blow-gun is us^ess as a weapon, either of the 
chase or in warfare, unless the dart which it carries is 
poisoned, and that, too, with a poison of considerable viru¬ 
lence Its limited range would, moreover, moke it unsuitable 
for use in the open; it is only of value in the densest jungle, 
where its user can approach unperceived within easy range 
of hi8 mtended victim. For tho latter reason also, it is 
found to be generally abandoned by tribes that possess 
sufficient mochomoal skill to enable them to design and 
manufacture weapons capable of longer range, this mostly 
implying a considerable amount of metallurgical skill, as 
such weapons are for the most part tipped, at any rate, 
with iron or some other metal. The blow-gun, therefore, will 
only be found in races (often nomadic) whose knowledge of 
the arts is still quite rudimentary, but whose intelligence has 
been sufficiently cultivated to render them experts in toxi- 
oology. It may be noted in passing, how far more advanced 
savage tribes are in destructive than in curative medical 
knowledge; that, at any rate, has been my exp^ience 
amongst them. 

I have only met with tho blow-gun in two places—amongst 
the aboriginal inhabitants of the Malay peninsula, and 
amongst the Indians of Central Routh America. It need 
hardly be said that in each of these instances it must have 
been a cose of indepradent original invention, in spite of the 
numerous and striking points of similarity between the 
weapons as used by these nations so far remote from each 
other. I have never met with the blow-gun anywhere in 
Africa, and believe that it is equally unknown in Australia 
or North America. 
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In MalaTsia, the blow-gun is not used at all, or onlj quite 
exceptionally for amusement, by the Malaya tbemselvea, its use 
being confined to tho aboriginal tribes. In the Malay penin¬ 
sula it is only found among the aboriginal inhabitants, known 
to the Malays by the various names of Sakei, Jacoon, 
Semong, Benua, Orong Utang, Orang Bukit, etc These 
names may all reprcsont one or several, more or less 
closely allied tribes, who inhabit the more remote, wilder, 
and all but mactoesible portions of the interior of the 
peninsula; they were apparently the original inhabitants, 
but wore dispossessed by the Malays, who conquered the 
country and drove back its primitive mhabitonts into the 
wildest parts of the interior, whore the Malay was either 
unwilbng or unable to pursue them. They are far lower in 
the scale of civilization than the Malay, are nomads living 
entirely on jungle produce, on roots, fruit, bark, leaves, 
etc., and by hunting and snaring birds, beasts, fishes and 
reptiles. Their clothing consists, for both sexes, of a skirt 
made from the inner bark of certain trees that is stripped 
off in sheets and beaten to make it fioxiblo. They make 
rude ropes of certain vegetable fibres, but ore unacquainted 
with even the simplest form of textile mdustry. They are 
equally deficient in metallurgical skill, and have no iron 
except what some of the more civilized have acquired from 
the Malays by bartering jungle produce. Their own 
weapons consist of spears fashioned from a strip or shoot 
of bamboo, the point of which is hardened in the fire, and 
the blow-gun. They build no houses or huts, merely 
erecting little temporary screens of branches and leaves to 
keep off wind and rain. But little is known of theso 
curious people; centuries of persecution by the victorious 
Malay race have had the usual results, and they have 
become suspicious and treacherous. My first experience 
of tile Sakei was meeting in the jungle some of the more 
oiviliied, who were on their way to a Malay-Chinese 



Betilem^t with jungle produce which they intended to 
barter. I happened to be the first white man th^ had 
ever seen, and on catching a glimpse of me they flung 
down their loads and tore off mto the jungle like so many 
wild beasts. I was told that I was lucky that they had not 
first shot one or two poisoned arrows at me as a 
precautionary measure Under such conditions it will be 
readily imagined that intercourse with the Sake! is not 
easy, especially os very few of them know any Malay In 
the southern part of the peninsula^ however, I came 
across some that had become more civilized, had lived for 
some years in the same district, and knew some Malay. 
From some of these I got the specimens of their blow-guns 
and arrows which are now before you The blow-gun, 
which is generally known throughout the Malay Peninsula 
and Archipelago under the Malay nnuic * sumpitan,’ is not, 
as generally stated, made of bamboo The bamboo you 
see here is only an outer casing to protect the tu 1 >e of the 
blow-gfun proper The latter is made from a species of 
reed, cut into lengths, which are slipped one into the other, 
the knot where a fresh segment of reed begins forming a 
kind of ferrule. A tube about seven to ten feet long is thus 
made, quite smooth inside. It is cemented into the bamboo 
by a little * damar,’ ii semi-fossil resin found abundantly in 
the peninsula, and to the lower end a wooden mouth¬ 
piece 18 fitted. The arrow or dart consists of the rib of a 
palm leaf or the spine of certain palms brought to a fine 
point, with a short piece of soft light wood attached to the 
bottom end When shooting with the gun, a dart is first put 
into the tube and then a tuft of silk cotton bombax ’ f) 
pushed behind it to make a tight packing. A quick sharp 
puff, given in a peculiar way, though apparently without 
much effort, sends the dart flying at high speed. I have 
seen Sakei repeatedly strike a mark not larger than the 
palm pf the h and at a distance of quite tiiirty yards, the 
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point of the dart going bo hard into the bark of the tree 
nimed at, that it could not be pulled out without breaking. 
It would certainly haye gone half an inch into a naked Sake! 
at that distance. It is said they can hit a bird or monkey 
■on the top of the highest tree—a very good shot for a gun. 
Each dart is carried in a short piece of reed, a dozen 
two being carried in a quiver of bamboo uttuchod to a piece 
of cord made of vegetable fibre. 

When hunting or fighting, the Sakei poison the ends of 
their arrows. It is not easy to get accurate information 
aa to the poison used, but it seems to be a concoction con¬ 
sisting mainly of the juice from the Upas tree (Anfiartx 
iortcarta). The Malay name hir this tree is Ipoh, but as 
the same word is used genetically for vegetable poisons, it 
is quite probable that several poisonous plants may be con¬ 
fused under one name, it seiMns that the juicc of the root 
of the Tuba plant is also used This latter plant is well 
known (it is stated to be the CoccuIuh Infitrux) on account 
of its being used by Malays m order to stupefy the fish in 
a stream. Tho poisonous concoction forms a thick treacly 
muss lookmg like opium, and with this the point of the dart is 
smeared for about three-quarters of an inch. Tho Sakei 
sometimes notch tho dart just below the smeared end, so 
that the point shall break off and remain iu the woimd; 
otherwise it could be pulled out mimediately, before the 
poison had time to act. It seems that tho poison must be 
tolerably fresh to be active, and even so its virulent effects 
appear to be greatly exaggerated. According to some 
authorities it produces bad wounds, but which are rarely 
fatal. In some experiments which have been recorded, a 
squirrel died in twelve minutes after being shot, and a fowl 
in two hours. It is said that the Sakei themselves declare 
that at its strongest three arrows will kill a man in one 
hour, and a tiger in three. It is said that in Borneo a man 
who received two darts, in an encounter with Dyaks, died 
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in two houm 1 have never, myself, seen the poisoned dart* 
used, but am inclined to think that their effects are not often 
futaJ, my opinion is strengthened by the fact that 1 have 
been told on two separate occasions by old Sakei in different 
parts of the peninsula, as u little-known secret, that Indian 
cum cliewed and placed in the wound forms a complete anti¬ 
dote 1 am convinced that the Sakei who told me this 
thoroughly believed in its truth, but it seems pretty clear 
that such a remedy could not be efficacious against a really 
virulent poison introduced into the system by lucnns of one 
of these darts. 

i 

Even if wo credit the Sakei dart with being as poisonoiia 
as the natives claim it to be, it is obvious that it is ill- 
suited to the purposes of warfare; a dart that will prove 
fatal in un Hour’s tunc, but that doee not cripple an 
o]>ponent ut once, is just the worst possible weapon for fight¬ 
ing purposes, however useful it may be in hunting. Hearing 
in mind that gunpowder was known from an early date in the 
Far East, and that the Malays had a kind of artillery prob¬ 
ably before we had in Europe, it is not astonishing that the 
use of the blow-gun in the East has been confined to the least 
civilized tribes and has never been extensively adopted. 

I regret that my information about the blow-gun in South 
Amenca is far less precise I only saw it there once in the 
hands of some Indians in the Eastern Cordilleras of the Andes, 
not far from Mount Pichincha, these Indians wore shooting 
humming-birds for a trader in Quito, and used a blow-gun 
about six feet long, from which they shot pellets of soft 
clay, thus knocking down the humming-bird without damag¬ 
ing the plumage. These Indian tribes can speak very 
little Spanish, and the information 1 got about the blow- 
gun was at second-hand from men who knew these tribes 
wdl. They said that the blow-guns were made by scooping 
a groove out of a piece of straight grained wood (I believe 
of a palm tree), the tooth of an animal being used for thia 
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purpose. Two such pieces were bound together and cement¬ 
ed. I was also told that the 7 used poisoned darts, the poison, 
according to some, being curare, according to others derived 
from the poison bugs of snakes. The locality whence these 
Indians came was near some of the sources of the Amazons, 
and it is noteworthy that both Bates and Wallace mention 
tho use of these blow-guns in their works on the Upper Amo- 
sons, the former calling it ‘ Tarabatana,' the latter ‘ Grava- 
tana.’ Bates describes its constriicUon in exactly the same 
way as it was described to mo; ho says it is a tube, nine to 
ten feet long, made from strips of wood scooped out by 
means of the teeth of animals, the strips of wood are wound 
tightly with strips of bark of a climbing palm and made 
tight with wax. It is then fitted with a cupHshuped wooden 
mouth-piece. Wallace, on the other hand, saw blow-guns 
made from the stems of palms, by pushing out the interior 
pith and rubbing tho bore clean with a bunch of roots of a 
tree fern This hollowed stem is then pushed into a larger 
stem, the object being, according to Wallace, that any 
curve in the one may counteract any curve in tho other. 
It seems more probable that, as in the Bakei * tumpitan,’ 
the outer tube is intended merely us a protection to the 
inner one. Wallace states that these blow-guns have a 
oomcal wooden mouth-pioce fitted to them, and that they are 
sometimes bound spirally with the leaves of a creeper. 
Bates states that tho darts are made from the nnd of the 
leaf stalk of certain palms, Wallace from the long spines of 
a tree; both state that a tuft or mass of silk cotton (a 
light silky fibre covering tho seeds or lining the seed- 
vessels of certain trees) is attached to the bottom end of 
the dart so as to fit the tube fairly, and that the point is 
poisoned with uran, cunure, or woorali, which is said to 
be obtained from tho Strychno% toxtfera^ a tree which appears 
to grow only on the Upper Amazons. This poison is said to 
be very deadly. oausiniE, when fredi, almost instant death 
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in Buoh large animoli as a ti^ir. Doth authors agree that 
the range of the weapon is fiftj or sixty yards, or quite as 
much as an ordinary gun. Of course the descriptions of 
these two naturalists refer to regions many hundreds of 
miles apart, and there is no doubt but that the Indians of 
each diitriot employed whatevw material, obtainable 
readily on the spot, was most suitable to their purpose. It 
is noteworthy that both writers speak of the Indians as 
having bows and arrows, os well os blow^ns; it seems, 
from what can be learnt, that the latter are used only in 
hunting and less, if at all, in warfare. Itiis at the same 
time olear that the poison used by tho South American 
Indians is fur more deadly than that of the Sake!; whilst 
it is interesting to have note that m both oountrios vegetable 
poisons seem to have been exoltisivoly used, os far as definite 
information on the subject goes. 

I have ventured to submit these notes to the Society 
partly in the hope that some account of these little-known 
weapons may prove of interest to ihomo, and still more in 
tlie hopes of eliciting some information on tho many problems 
in ethnology, history, medicine, and botany, which their 
study presents 



199 


Notes on th e TnEORiES op Prefobmatiok 
AND Epigenesis. 

By T. K. Hodgkin, B.A. 

[Read November 30th, 1800.] 

The subject to which I wish to oall your attention to¬ 
night 18 an enquiry into tho processes of growth and deyelop- 
ment. How is it Uiat organisms, both plants and animals, 
grow up from small and even microscopical eggs into larger 
and highly difiFerentiated bodies? The marvellous rapidity 
with which growth takes place seems a very small problem 
compared to that much greater one, how is it that growth 
takes place at all, and that from a single cell an individual 
exactly resembling its parents develops? This problem is 
one which in all probability we shall never completely master, 
as we never expect to discover with any amount of finality 
how organio life is derived from inorganic. I intend to 
point out to you the two antagonistic theories that scientists,, 
from Aristotle’s time to Schwann, have advanced as a solu¬ 
tion of the process by which growth occurred These are the 
theories of preformation and epigenesis. We shall see diffi¬ 
culties beginning in last century and increasing m this, which 
culminated in the abandonment of the theory of prefonua- 
tion in its first crude form. Meanwhile the cell theory and 
our knowledge of the ultimate particles of matter have altered 
our conception of epigenesis, so that instead of the two- 
theories, as <Mriginally stated, we find in the latter half of 
this century their descendants. His's theory of germmol 
localization and Weismann’s germplasm range themselves on 
the side of preformation, whereas Nogeli’s idioplasm theory* 
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togeiher with the view that cytoplanu is isotropic, supported 
by Pflhger, Do Vnes, Driesoh and Hertwig, may both be 
called adherents ol epigenesis. The first attempt to solve 
the knotty questions of development and growth was made 
by Aristotle, who maintained that in the hi^w animals at 
any rate the formation of new organisms by the process of 
generation does not take place suddenly. It is not due to a 
sudden and simultaneous accretion of rudiments of the organs 
of the adults, nor by metamorphoses of some fonnative sub¬ 
stance into a miniature which grows into the complete organ¬ 
ism, it is rathor by successive differentiatiqn of a relatively 
homogeneous rudiment into the parts and structure which 
characterise the adults This is the essence of the doctrine 
of epigenesis, and Aristotle was the first who sought to solve 
the riddles of growth and heredity by an epigenetic process 
of development. 

The views of Aristotle -were not accepted by Oalen and 
Hippocrates, nor did the medical world of classical times lend 
them its support. They believed all the organs, bruin, 
liver and heart were formed simultaneously from vesicles. 

It was in the seventeentb century and in our own 
country that the views of Aristotle were first recognised by 
Harvey, who m a work of immense importance for science gave 
the whole weight of his support to keenly advocating their 
correctness. Even if Harvey were not famous for discHiver- 
mg the circulation of the blood, he would be so for the 
work he did in pressing the claims of opigenesis He tried 
to prove experimentally that with the higher animals growth 
is a gradual process of new development, of complex from 
simple. From his observations on growth ho thought that 
the blood was the primal generative tissue, and that one of 
the functions of the blood was to cause the original for¬ 
mation and afterwards the growth of all the organs. 

It was a great misfortune for science and the progress of 
views on development that Harvey should have based his 
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perfectly correct deductions on this inoorrect observation. 
Tor it was largely due to this error that for a hundred years 
or so, the theory of epigenesis was thrown into the back¬ 
ground, and the counter theory of preformation brought for¬ 
ward. Perhaps it was no real misfortune. The antagon¬ 
ism between the two views created a healthy partisanship, 
and wo may hope tho delay in arriving at a decision between 
the two theories was more than over balanced by the greater 
oleomesB in our views, whith tlie struggle has produced 

At the end of the seventeenth century, Malpighi, while 
watching a developing hen’s egg, saw that tho chick’s body 
was formed before any signs of blood appeared 

This proved Harvey to be wrong in supposing the blood 
was tho generative part which gave rise to all organs in the 
body. This observation of Malpighi was quite correct, but 
unfortunately he thought it disproved Harvey's ideas of epi¬ 
genesis and that therefore preformation must bo the true way 
in which organs were formed. 

The theory of preformation, or as it used to be, and is 
still more often called, evolution—though for cloarness sake 
it now seems wiser to retain the more distinctive title— 
the theory of preformation is this, that growth and develop¬ 
ment are simply an unfolding of something that is already 
fully difforontiated on a minute scale 

The preformationists compared a roproduotivo cell to the 
bud of a tree From tho outside it looks simple, but dissec¬ 
tion shows that it is not so, and discloses inside the bud a 
mass of loaves and stalks, a little piece of stem and growing 
point, bracts, stipules, flowors, all may be there, even small 
buds of the following year. But these are carefully folded 
up, and the leaves doubled upon themselves, without there 
being a trace of them visible to outside world. 

In the spring the sun and the rising sap cause the bud 
to burst and all its contents to unfold and grow. But this 
growth is in sue and not in differentiation. 
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This analogy between preformation and a typical bud 
is not perfect, for every year now buds are formed and differ¬ 
entiation of tissue must be taking place inside them. Thia 
is not what the preformationista held in regard to repro¬ 
ductive cells. Their view was that nothing new was ever 
differentiated or developed, it was only an imfolding, develop¬ 
ment and differentiation were done onoe for all at the creation 
of the world, and it was that differentiation which continued 
to unfold or evolve. 

This view of growth must necessarily apply to reproductive 
and regenwative cells of all typee and classes, not merely to 
sexual reproductive coUs, but also to asexual ones and the cells 
by which regeneration occurs. The theory holds too for the 
vegetable kingdom os well as for the animal. So the 
amoimt of preformation that must have been done at the* 
creation is no doubt large. To me it seems that there 
are two great reasons which probably led to this once 
generally accepted theory of preformation. One of these 
IB the fact that in a very short time counted by only a few 
days, or in some cases even hours, nature is able to produco 
fully formed and highly differentiated organisms out of 
genus, which epigenesis supposes to be homogeneous The 
question at once presents itself, is it possible for this to occur, 
surely it is more likely that the apparently simple germ is 
simple only in outward appearance, and is in reality most 
complex, though invisibly so. This was and is a great 
difficulty to those who advocate the theory of epigenesis. 
The second reason is the very great difficulty there is in 
combining the well-known facts of heredity with the theory 
of epigenesis. The characters of any species remain for 
practical purposes constant and unchanged through vast 
numbers of genwations, and yet the only link through which 
these characteristics can be handed on is a single germ celU 
which the epigonesisb would have us believe to be perfectly 
homogeneous. If it is hard to understand how heredity cam 
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take place through the agency of a lingle cell differentiated 
as the preformationuta maintain is the case, how much harder 
the problem is when the connecting link is a homogeneous 
and simple undifferentiated oelL 

This account of preformation has led us same way from 
the historical aspect of the two views of development It 
was Malpighi’s obsorvatiun upon a developing hen’s egg, that 
the formation of the chick's body preceded that of the pune- 
turn sanguineuni, which led him to believe that the chick’s 
body really existed in the egg before incubation—led him in 
fact to preformation. 

Bonnet followed on the lines of Malpighi and so did all 
the great scientists of lust century with one splendid excep¬ 
tion—^Wolff. Those who believed in preforiuation included 
amongst their number Schwammerdam, Ixieuwenhock, Haller 
and SpallazanL 

It was Bonnet who pressed homo the theory of prefornia- 
tion to its logical consequonces. 

The true prefonnation view entails the beli^ that every 
egg contains inside it the eggs of the next generation, these 
the eggs of the grandchildren generation, and so on; the eggs 
of every generation being contained in those of their parents. 

This pill-box theory of germs, commonly called Bonnet's 
theory of emboitement^ because he pictured the germs encased 
within each other, one within the next, like a series of 
wooden puKzle boxes ; this strange theory quite staggers the 
imagination. Bonnet himself in later life felt its absurdity 
and renounced il Supporters of Bonnet’s theory even 
went to the length of calculating how many human germs 
were present in the body of our ancestral mother, with the 
result that Eve was accredited with the possession of more 
than 200,000 million germs« It needs no small amouht of 
faith to believe in a theory which produces such statistics I 

Another of Bonnet’s views was that growth took place 
by a process of intussusception. The object of fertilisation 

15 
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and incubation is to cause the preformed germ to absorb 
nutrient matter, which is deposited between its interstices. 
The full grown animal or plant consists of two parts, the 
preformed embryo and the nutrient matter it has absorbed by 
intussusception. When death occurs, these nutrient matters 
are withdrawn, and the body sinks back again to the germ 
stage. This means that true death never occurs, the germ 
is immortal, life is only its unfolding and expansion till it 
18 visible to US, and death is a folding up again This pretty 
suggestion we cannot accept, it is dependent on the theory 
of preformation, and must bo abandoned^ with it In the 
annals of last century the one great name which we find 
ranged on the side against preform at ion is that of Wolff. 
In 1769, from embryological work, ho showed that the pre¬ 
formation doctrine was an untenable one None of his con- 
tomporanos, however, wore influenced by his work, and tho 
prefonnation theory continued its popularity. The sig- 
nifioance of Wolff's doctrine lies in this, that it rejected the 
purely formal doctrine of prefonnation because actual oliser- 
vations were against it Wolff thereby freed research from 
the bonds of prejudice and Df)ened the path of ex|>eriinental 
research along which science has made such groat strides in 
our day. The difficulties with nhich prefonnation had to 
contend may be said t-o commence when Bonnet showed lliat 
hifl theory of embottement whs a necessary outcome of the 
extreme preformationist's view. 

When it was discovered that fertilization consisted in the 
union of an ovum and a spermatozoon, a second grave diffi¬ 
culty presented itself to the followers of preformation. Here 
are two separate cells, from whose fusion the egg containing 
the preformed but invisible embryo arises In which of these 
cells, before fusion, does the embryo live; in the spermatozoon 
or the ovum? Some preformationists thought in the one, 
and some in the other. For a hundred years this controversy 
raged, it ceased only with the very existence of the prefomio- 
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tioiUBt theory, which in ita old form waa abandoned at the 
beginning of this century. 

The cell theory waa first formulated by Schwann m 1839. 
He recognised that the egg waa nothing more than an ordin¬ 
ary, though somewhat specialised, cell having at times a 
cytoplasmic portion in size out of all proportion to the 
nucleus In 1841 Kolliker placed the male cell on exactly 
the same footing. And m 1858, Virchow proved that an 
uninterrupted succession of ooU divisions, extending from one 
generation to another, was the method by which the sper¬ 
matozoon as well aa the ovum was formed from the tissues of 
their parent. 

These discoveries have taught us to regard every organ¬ 
ism in teniifl of its constituent cells; we know the ova and 
spermatozoa are simple cells, and that the developed organ¬ 
isms are only combinations of a very large number of cells, 
which are produced by the repeated divisions of the fer¬ 
tilised egg cell. If this theory he true, as experience has 
so far shown it to be^ we cannot regard an ovum or sper¬ 
matozoon as anything but a detached portion of cellular tissue 
of the parent. It is impossible to suppose they contain fully 
differentiated and preformed embryos 

The two other facts wo have learnt from the cell theory ore 
first, that the cell is no simple body but a most complex one, 
and is in fact a microcosm, and secondly, that the process of 
fertilization is always accompanied by the exact fusion of male 
and female nuclei, the equivalence of the male and female 
nuclear masses and of their distribution amongst the daughter 
cells. * 

A third difficulty to the complete acceptance of pre¬ 
formation comes from our knowledge that matter is not 
amorphous and cannot undergo division to an indefinite ex¬ 
tent. It IS made up of indivisible atoms and molecules 
which can only be divided with the loss of their individuality. 
As matter is not divisible to an indefinite extent, it it 
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in another, as Bonnet's doctrine of wnbottement implies; 
without sooner or later coming to a fullstop. In 
faot as soon as there is left only one molecule to represent 
the germ, division can go no further; long before this stage 
could be reached all idea of calling the germ representative 
' preformed * miut have vanished. Thousands and millions 
of molecules are more probably needed to form a single 
germ; unless the theory of emboitement be true, we are 
dnven to assume that at some stage epigenesis occurs, and 
that a complex differentiated body is formed out of simple 
homogeneous matter. It is quite possible, and even probable, 
that a germ is in a certain sense preformed m the single-cell 
condition, and that this differentiation becomes visible during 
growth by a process not altogether unlike an unfolding. 
But it is equally certain that the germ cannot always have 
been preformed and at some period must have been epi- 
genetically developed from simple homogeneous matter. 

Our knowledge of atoms and molecules also altera the 
views we must hold about epigenesis. The differences be¬ 
tween two germs must lie in difference of molecular structure 
and arrangement, and this is approaching a molecular pre- 
forme^tion. 

Let us then turn our attention to the more modern 
aspect of the processes of development and growth. 

So much has been done in the last twenty-five years by 
research, both historically into the structure of cells, and also 
by experimental changes and malformations on developing 
germs, that we are now supplied with a fairly large array of 
facta on which to base our views of development, and uuy 
hypothesis we may frame as to the process of development 
must be in harmony with such experimental facts 

Though we have left the theories of preformation and 
epigenesis behind, we find that modem theories divide them¬ 
selves on somewhat similar Imes and hence may be regarded 
as descendants of the older theories. 
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Among modern workers in this line of research, are 
found His and Weismann, who support theories of a pre¬ 
formation tendency, and Hertwig, Driesch and De Vries all 
ranging themselves on the side of epigenesis. 

The first attempt to place the processes of heredity and 
reproduction on a satisftictory basis was made by Nageli. 

Before his time the cell was considered the unit of trans¬ 
mission. Nageli suggested smaller units, idioplasm and tropho- 
plasm, of which all cells were composed 

Idioplasm is that part of the cell which actively directs 
its growth and transmits the hereditary qualities, 

Trophoplosni ii^ the more pivasive part l>cing the nutritive 
plasm to serve as food for the idioplasm. 

This suggestion had not long been made by Nageli, before 
four biologists independently confirtned it, by recognizing that 
the nucleus fulfilled functions imputed to ^he hypothetical 
idioplasm. Hertwig, Kolliker, Strasburg and Weismann were 
all led to the same conclusion by noting — 

1 —^The equality of male and female nuclei in repro¬ 
duction. 

'1 —^Tlmt regeneration of low orgamsma never occurs 
unless a nucleus is present. 

3,—That m fertilization certain elaborate precautions 
are taken to prevent a summation of the hereditary 
masses. 

Let us exammo the first of those reasons, the equality of 
male and female nuclei in reproduction 

That offspring bear the character of both parents in about 
equal proportions needs no proof. If then the father’s 
qualities are transmitted to as great an extent as the mother’s, 
there must be found some portion of both generative cells 
which is of equal size. In some cases the female reproductive 
cell is 100,000,000 times larger than the spermatozoon, yet 
even here the nuclei of both cells are comparable in size, 
though no other port of the cell is so. 



The second reason that led to the identification of the 
nucleus as the active and important factor in reproduction 
and regeneration was derived from experiments on certain 
low organisms both animal and vegetable. Some of these 
can reproduce themselves by regeneration of small portions. 
One individual may be divided into a doxen or more portions 
each of which is able to grow up into a complete organism 
if it contain a nucleus. Portions without nuclei are found 
not to possess this power. 

Thirdly—Elaborate precautions are taken to prevent a 
summation of the nucleus from occurrini' in fertilization. 
Daughter nuclei are formed by a division of the mother 
nucleus into two equal halves, except in preparing the nuclei 
for male and female reproductive cells; these nuclei are 
generally supplied with not a half but a quarter of that of 
the mother nucleus from which they develop. 

The significance of this is readily seen when wo consider 
that fertilization means the union of male and female nuclear 
masses. If in fertilization two nuclei of normal constituents 
were to unite and fonn one, without any reduction in the 
nuclear material, the nucleus of each succeeding generation 
would be of twice the size of that in the parent generation. 

Careful precautions are taken to avoid this, by the nuclei 
of the reproductive cells containing only half the amount 
that normal nuclei do. 

A further reason for accepting the nucleus as the im¬ 
portant factor in heredity comes from Van Beneden and 
Boveri’s observation, that the male and female nuclear matter 
is equally distributed among both of the first two daughter 
cells, and from these to the nexi generation. Thus in the 
full grown adult all parts have representatives of both parents. 

On many grounds then we believe the nucleus is the 
governing factor in the transmission of hereditary charac¬ 
ters and reproduction of new individuals. This limits our 
enquiry and converts it from a problem of the cell to a prob¬ 
lem of the nucleus. 
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Of the modern theories tending in the direction of pre¬ 
formation there are those of His, Roux and Weisniann, where¬ 
as the opinions of Nugoli, Dnesch, De Vries, and Her twig are 
opposed to this and follow rather un epigenetic explanation. 

In 1874, His advanced the hy{>otheBiB of germinal locali¬ 
zation—that every portion of the egg cell, as soon us fertili¬ 
zation has occurred, may bo mapped out into different areaB, 
each of which develops into a corresponding organ m the 
adult. 

This idea of prclocalizution differs, but not very widely, 
from that of prefomiatiun It appears to gain support from 
the very complicated architecture wo know cell substance 
possesses, which lod Fleming to think we might found a 
science of the morphology of inheritance by watching the 
microscopic changes in egg cells. 

His'g ideas are borne out by Ascideans and some other bi¬ 
lateral animals, where tho median, plane of the body is marked 
out from the beginning of cleavage, so that tho first division 
apparently divides the animal into two lateral halves repr^ 
senting the two lateral halves of the adult. 

Experiments of Roux made in 1888 on the eggs of frogs 
have a direct beivring on this point. After the tirst division 
had taken place in the developing egg of a frog, Roux killed 
with the point of a heated neodle one of the two blostomeres 
thus formed, without injuring tho other. The injured half 
died, but the uninjured half developed mto a perfectly formed 
halMarva containing one medullary fold and one auditory pit, 
and not into a complete larva of half-normal size. 

This seemed strong evidence that when a frog’s egg had 
reached the two-celled stage, localization had taken place so 
that each cell represented a lateral half of the future embryo. 

Later eipemnents have not entirely borne out this result 
of Roux’s work on germinal localization. 

And PflUger has shown that even with the eggs of frogs 
different results can be obtained. 
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A fropf’s egg is composed of two parts, when floating in 
water the top half has a black pigment spot, and the colour¬ 
less heavier half sinks to the under side 

After fertilization, a vertical cleavage divides the egg 
into two lateral portions, identified by Roux with the right 
and left halves of the future larva ^ 

Pflbgor arranged frogs' eggs so tliat they should lie 
horizontally in water. Division ofciirred vortuuilly, that is to 
say, at right angles to the normal line of division, when the 
pigment end is uppermost. In spite of this division being at 
right angles to the usual one, a normal larva developed, 
jiroving no protoplasiinc localization had taken place before 
division. 

Some ex{>eriments by Morgan suggest the solution by 
which the contradictory results of Roux and PflUger can be 
harmonized Morgan found that aftor destruction of one 
blastomero, if the other remained in its normal position, a 
half embryo always resulted as described by Roux. But if 
the blastoniere be inverted it may give rise to a half embryo 
or to a whole dwarf. He concluded therefore that the rota¬ 
tion of a single blastomere brought it into a state of equili¬ 
brium like that of an entire ovum, and a whole embryo was 
the result. 

Roux and Weismann, both adherents of preformation, have 
propounded more elaborate schemes than His's preloeali- 
zation 

Roux suggested that nuclei are capable of two kinds of 
division, differentiating and doubling. 

By a doubling division tlio nucleus divides into two equal 
halves similar to itself. By differentiating division, nuclei 
of different characters are produced, for it is supposed 
that the parent nucleus can separate some constituent gran¬ 
ules to one daughter nucleus and some to the other. By 
fdiis process the idioplasm is split into its constituent parts, 
which are gradually sifted and distributed to the various 
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Buolei of the embryo. As the power of settling whether a 
division be a doubling or a differentiating one rests with the 
nucleus, it is thus self-determining. 

Weismann, the great supporter of modem preformation, 
agrees with lloux in *icoopting the existence of two sorts of 
division, doubling and differentiating. Development is 
not, iicoord.ng to Weisniann, the growth of complex out of 
aimple, but rather the reverse, a simplification of comploanty. 

The egg cell is the most lughly complex stage, containing 
the detenuinants of all tlio future different parts of the body 
And growth is a process of Hini])htication, all the determinants 
being gradually sifted out to their proper dentinations, so that 
the adult is the most simple stage, for no cell contains more 
than one determinant. 

Amongst the many difficulties m accepting Weisnmnn’s 
ideas is the lack of any confirmation that the two divisions 
doubling and differentiating actually lake place 

All eases of dimorphism, even the diuiorphism of the sexes, 
18 mexplicable by Weismann’s theory as it stands, and a sub¬ 
sidiary hypothesis is put forward by him for this purpose, 
which supposes the presence of two germ-plasms, one for the 
male and one for the female, both of which are always present, 
thou^ only one develops 

The difficulty caused by the alternation of generations 
is explained in a similar way. 

It is only by such a suggestion that Maupas’ experiments 
on Hydatina Santa can be explained. 

If while the eggs were being formed m germaria, Hydatina 
are kept at a temperature of 27^ Cent., out of a hundred 
eggs there tu*e 97 males produced. But on the other hand, 
Maupas obtained 95 per cent, of females, by keeping the eggs 
■at 14® Cent. 

On Weismnnn's system every adult is represented by a 
definite number and arrangement of determinants in the egg 
oell, and so every kind of adult must be representod 
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in the fl;erm-«tage by its own germ-plaim, even male an<f 
female of the same species must have different germ-plasms. 
In Hydatina heat appears to cause the development of the- 
male germ-plasm and cold of the female. 

So for this explanation is fairly satisfactory, but when it 
is applied by analogy to polymorphous bees and ants, the- 
complications grow alarming. 

Many colonics of ants are characterized by having four 
different forma, which nevertheless all spring from the same 
parents. There are the fertile females or queens, the malee 
and of sterile females both workers and t^oldicra. 

If the polymorphous forms were distinctly •and clearly 
marked and not subject to variation, Weismanu’s explanation 
might porhaps still bo applied to them. He would say the 
four different forms are represented by four different 
germ-plasms in the cell, one only of these develops and 
three remain dormant. Emery has proved this explanation 
to be impossible, by producing a senes of inteniie<liate forms 
between these four well-marked extreme ones 

Ants when they wish to rear a queen take an ordinary 
figg supply it with specially nch food m great quantity, 
with the result that the ordinary egg develops into a queen. 
If warriors are to be reared similar eggs are taken, but the 
food for them is different, as it retards the development of 
of the sexual organs, and mcreases that of the head and jaws. 

Emery's work was to change the food supplied to a 
developing after development had commenced. Thus he* 
would take away the queen food before the queen had been 
fully developed and replace it with warrior food. The ant 
which grew up from such mixed diet was neither queen nor 
warrior but something half way between; by similar meana 
he found he could produce more than twenty different forma 
of ants from the same eggs, by simply altering the oonditiona 
and food. 

Weismann’s explanation demands the existence of separate- 
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germ-plasms for each of these twenty intermediate forms. 
And the eggs for ants must have always contained at least 
twenty different germ-pi asms, and of these twenty genn- 
plasois four and four only have developed till the nineteenth 
century scientific experimenters gave the other sixteen a 
chance of showing themselves 

Doubtless the truer and sun pier explanation is that the 
external conditions aro the factors determining which lino 
development shall take. Tho eggs of a species of ants are 
all similar, and their development differs according to and 
in proportion to the different foods supplied to them. 

Having soon the diffituliios of tho preformation views of 
Roux and Weismunn we Hill now turn to the epigenetic side. 
Oscar Hertwig who in many nays is the leading figure in this 
hold, maintains that the three chief factors of development 
are to be found in ; — 

1. —The growth and multiplication of cells as a moulding 

factor. 

2. —The position of cells and their surroundings. 

3. —The inter-relation of parte to the whole 

All these may be daased as conditions external to the 
coll; and herein lies tho keynote of the differences between 
Hertiwig and Weismann os representatives of their two 
schools. To Weismunn all differences which arise during 
development ore expressions of some differences which origin¬ 
ate from insido tho cell, that is, differences in germ-plasms. 
To Herts ig the external conditions surrounding the cells 
cause the differences in their development. As soon as one 
cell divides and forms a colony, every new cell must be 
subject to different conditions, which it is only reasonable 
to suppose produce some modifications in its development. 
Yet this factor is taken no account of by Weismann’s school. 

Herbst has done pioneer work m this field. The influence 
he has foimd external conditions to exert over development, 
is often most extraordinary. He found that when sea urchins 



developed in sea-water containing an excess of potassium 
chloride, the ordinaiy larvoB were not formed, but instead of 
them, larvs without calcareous skeletons and without a 
ciliated anus. These larvee resembled far more closely the 
Tomaria larvee of Balonoglossus. More profound changes even 
than this occur when sea urchins are in water containing 
lithium chloride. The blastula fails to invaginate and form 
a typical gastrula, but eviiginates forming an hour-glass 
shaped larva of which one half represents an archentcron 
and the other half ectoblost 

Another curious case of the mduence iposition, also an 
external condition, has upon hydroids is seen in Loeb’s ex¬ 
periments. Many hydroids whose heads are cut off grow 
another by regeneration. Leob cut off both ends of the 
hydrwd Tubulana and invorted it, when a head regenerated 
at the top end, where tho foot used to be. A similarly muti¬ 
lated Tubulana placed horizontally developed two new heads, 
one at each end. 

Thus wo seem bound to accept the conclusion that deYelo(>- 
ment, if it is to proceed on the normal lines, is dependent 
on normal conditions surrounding the organism, and when 
the conditions are altered abnormal development takes place 

This important factor is left out of account by Weismann’s 
and Roux^b hypotheses. Important it is, but far from being 
all important. External conditions may appear to modify 
to some considerable extent the lines on which development 
proceeds but they cannot change them fundamentally. We 
may be able to determine whether queens or worker ants lie 
developed, whether males or females be produced in greater 
<|uantiticB, but wo neither can nor do we ever expect to be 
able to produce one siiecies from the eggs of another 

Hertwig with no maptness compares an egg cell with all 
its myriad descendants that go to make up the body of a com¬ 
plicated metazoon to the first ancestor of man and all his 
descendants In Adam we have a man living imder the 
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•iinpieit oonditiona with only one companion to ihare his 
world and doubtlew fuldUmg all the functions of life. 
Adam’s descendants have built up the most complicated 
systems of politics, society, economics, which Adam had not, 
yet his descendants have derived all th^r characteristics and 
capacities from him, but these systems are the natural 
result of his descendants’ increased numbmu Thetr increase 
has altered their external conditions and produced the com- 
plicated world we live in to replace the simple life of the 
garden of Eden, So with the c^, it also has the power of 
leaving descendants, and as the descendanta increase in 
number, new conditions anso and new qualities are developed 
m the cells from their mutual mtwaotion; but the qualities 
which depend on the presence of many cells cannot be re- 
Heoted back, and called potentially present in the genn of 
the original egg cell. 

The second great argument brought forward by the mod¬ 
em epigenetic school is based on the isotrophy of protoplasm. 
In 1891, Driesoh, durmg some expenments on the eggs of sea 
urchins, managed to separate the cells of a developing egg 
by violent shaking. In the two-cellod as well as the four- 
cdled stage he succeeded in doing this. The blastomeres so 
separated developed normally each mto a complete gastrula 
but of a dwarf size, half or quarter that of on ordinary gas¬ 
trula, according to the period at which the cells had been 
separated. 

This result differs from Roux’s experiments on develop¬ 
ing frogs’ eggs, but the two can probably be harmonised in 
the manner previously suggested. 

Another experiment of Dnesch’s was to subject the seg¬ 
menting eggs of Boa urchins to pressure, by this means he 
obtained flat plates of cells, with an abnormal arrangement 
of both cells and nucleL Yet such eggs when pressure was re¬ 
moved developed into ordinary larvee without any re-arrange¬ 
ment of the abnormally arranged cells 
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The third and most condusive experiment was made by 
Wilson on the Annelid Nereis. The sixteen-cell stage of this 
Annelid contains four large cells with big oil drops called mac- 
romeres and twelve microineres or smaller cells. By subject¬ 
ing one of these eggs to pressure during development Wilson 
obtained a sixteen-oell stage of eight macromeres and eight 
micromeres. Again on removing pressure the larvte pro¬ 
duced were normal except that they contained eight instead 
of four macromeres. 

Those few experiments proved that during the first few 
segmentations of a developmg ogg, no differentiation had 
taken placoi and the protoplasm was isotropic. To sum 
up in Driesch's words, * The blastcunerea of the sea urchm may 
be regarded as formed of uniform material, and they may be 
thrown about like balls m a pile without in the least degree 
impairing thereby the normal power of development. The 
relative position of a blastomere to the whole determines 
what develops from it, and if its position be changed it gives 
rise to something different, m other words the piospoctive 
value of a blastomere is a function of its position/ 

The balance of evidence seems to point pretty clear to 
protoplasm being generally isotropous during the first divi¬ 
sions of a segmenting egg cell at least The work of Pdiiger, 
Driesch and Wilson all support this. Roux’s experiments 
on frogs’ eggs at first appear to contradict it, but Pli tiger’s 
explanation of them shows that the protoplasm of the first 
blastomeres is isotropous, and only a rototion of one of the 
first blastomeres is required for a complete though small 
larva to develop. 

There do, however, exist mdicntions that protoplasm is 
not always isotropous; Morgan found that if a certain 
small portion of c^rtoplasm bo removed from an un¬ 
segmented otenophore egg, there is always produced an in¬ 
complete larva, with certain defects corresponding to the re¬ 
moved portion. Though the whole of the nucleus is there, the 
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^jjrtoplaam seems to have undergone some localization which 
makes it an essential factor in development. It may be, 
isome further research will bring these experiments into har¬ 
mony with the general viow that protoplasm is isotropous. 

If they do not and the explanation of the difficulty lies 
•elsewhere we shall probably find it to be, that differentia¬ 
tion does not occur in all animals at the same period so that in 
the single cell stage of the utenophore differentiation may 
kave been going on for a long time, whereas in sea urchins 
and frogs it has not at the corresponding period begun. We 
nre too much in the habit of regarding the fertilization of an 
ovum as the very beginnmg of a new life It is probably 
not so. The ovum is no simple and homogeneous body, 
but a most complex one with a long life hislory behind it 
before the act of fertilization took place. 

I have tried to sot beforo you some of the views that have 
been advanced to explain the processes of development; 
there ore difficulties attending all of tbem, which 1 have also 
mentioned. 

Starting from diametrically opposite poles of thought tho 
two views of preformation and epigenesiH have steadily grown 
nearer, till at the present time the differences between them 
are small, much smaller most probably than is generally 
supposed. 

There are two groat problems in d6\eloptncnt How is 
it that the fertilized egg cells of all plants and aiumaJs, though 
apparently so much alike and with such small actual differ- 
•ences between them, have potential difference as wide ns the 
two polos of the biological kingdom 7 If this is the problem 
that fixes our attention we shall certainly tend toi^ards pre¬ 
formation, and find the solution of the diffit-ulty in crediting 
the egg cells with a great deal more structure and dissimi¬ 
larity than we have yet discovered. 

The other problem is trying to follow tho growth from 
simple to complex. Having once abandoned the euibotte- 
ment theory of Bonnet we are forced to admit that every 
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reproduotive cell must be formed bj the gradual accretion of 
molecules to one another, that the individuality of a reproduc¬ 
tion cell can only be due to the ccKnplezity which results 
from simple parts coming together, and that growth at any 
rate up to the stage of the reproductive cell must be a gradual 
one from suuple to complex. 

If we keep our attention fixed on this problem, we shall 
certainly favor an epigenetic solution of the process of de- 
vdopment. What then » the real difference between Hert- 
wig and Weismann, taking them as representatives of the two 
lines of thought, is it not one of time? Does not the school 
of Weismann consider that all differentiation has taken place 
before the stage of the r^roductive oeUs is reached, and that 
future growth is the imfolding of this complexity; whmas 
Hertwig maintains that differentiation is only beginning with 
the reproductive cells, and is due to the gradual influence of 
extmial conditions working with and on their inherent powers 
of division and growth. Do wo not get a simpler idea by 
considering these processes to be both acting continuously? 

Growth up to the stage of reproductive cells must have 
been gradual and much influenced by external conditions,^ 
BO that by the time the egg cells are formed a great deal of 
differentiation and prelooalization may have taken place aa 
Roux and Weismann mamtain But surely these factors will 
not cease hero, the same proeesses which ended in the egg¬ 
cell will go on and further develop it under the influence of 
external conditions till the fully formed embryo results. 

Can we not by thus moving our horison Ixdow the cellular 
stage and by thinking of the processes of development as 
continuous below and above the smgle cell arrive at a clearer 
conception of development and harmonize to some extent 
the opposite modem views about it? 
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On Cbbtain Colour Pheno^na caused by 
Intermittent Stimulation with 
White Light. 


B7 A. S. pKRTivAi,, M.A., M.B. 

[R«ftd Dectimber 16th, 1809.] 

I would claim your indulgence for bringing a phyBiologi- 
oal subject before this section, on the ground that the reeulta 
of phyaical experimenti ore sometimes misinterpreted from a 
want of knowledge of the factors that contribute to the 
physiological sensation of colour As an example I may take 
the anomalous conclusions reached by Forbes and Young as 
to the Telocity of light. To this point I shall refer again 
at the end of my paper. 

It is most important to boar in mind that colour is not a 
physical term, it is a purely subjective term ; it merely ex¬ 
presses the sensation produced by a irertaiu kind of stimulus 
on a certain kind of cell. Undulations of a frequency 
about 400 billions per second produce the sensation of red 
colour in most individuals, while undulations of a frequency 
of about 700 billions per second produce the sensation of 
violet. Before light waves reach a colom>seeing organ, they 
cannot be said to have colour. No one would apply the term 
nauseous to waves of the sea, though under certain circum- 
stances they may induce nausea in certain mdividuals. In 
books on physics the expression red waves is often con¬ 
veniently used as an abln^viation for a set of waves of that 
period that induces a sensation of red m most individuals. 
From this use of the word a general idea has arisen that 
waves of this specific period are the only ones that can give 

rise to the sensation of red. It is my object in the present 

16 
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paper to show that the colour sensation of red may be pro¬ 
duced by other means. 

In 1888, Mr. G. N. Stewart laiide some expmments on the 
law of Talbot with reference to the sense of application of 
light. The law of Talbot may require some little explanation. 
An electrical stimulus applied to a muscle-nerve preparation 
may be so weak and last such a short time, that no con¬ 
traction of the muscle results y but if such stimuli are thrown 
m at a sufficiently short interval, a muscular contraction or 
rather a tetanus results. In other words stimuli which indi¬ 
vidually are unable to produce a iiiusculpr contraction may 
be Bummated, if they are thrown in at a sufficiently short in¬ 
terval. The same is true of the stimulation of the retina, at 
least in this sense that stimuli, which when isolated, act for 
too short a time to produce a sensation, may do so if allowed 
to follow each other rapidly, without diminishing the length of 
each. This can only happen, however, when each stimulus 
produces some impression, which though not amounting to 
a sensation, is a step on the way to one 

The law of Talbot may be stated thus * —Once complete 
fusion has been reached no alteration in the mtensity of 
the resultant impression produced by a series of Rashes takes 
place, however short the time may be during which each 
flash acts, provided that the number of flashes m a given 
tune and the length of each stimulation be always kept in¬ 
versely proportional. Complete fusion of stimuli here is 
analogous to tetanus of muscle Is there any limit of tune 
below which the individual stimuli cease to affect the retina 
at all, even when the frequency of repetition increases in 
proportion to the diminution of the time during which 
each stimulus actsf in other words is the retinal tetanus a 
complete tetanus, however short the duration of each stimu¬ 
lus 1 This is not tho same thing as to ask whethw there is 
a minimum time during which a stimulus must act in order 
to call forth a sensation. Such a minimum there certainly 
is. It lies lower the stronger the light; and above this 
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limit and below another, the physiological intensity of an 
impression arising from a stimulus of given physical in¬ 
tensity depends upon the time during which it acts. 

Mr. Stewart’s experunents were carried out with a rota¬ 
ting plane mirror. A parallel beam of light was allowed to 
fall on the rotating mirror in a darkened room, and in this 
way a senes of very short flashes of light were received by 
the eye of the observer. Fusion of the flashes was obtained 
by increasing the speed of rotation of the mirror. He found 
that for the shortest stimuli he was able to use, there was no 
noticeable change of intensity of the sensation, once complete 
fusion had been reached, however rapidly the mirror was ro¬ 
tated. Even for the faintest light no deflnite variation 
appeared, that is, there was no noticeable departure from 
•Talbot’s law even when the duration of each stimulus was leas 
than X SITU uTTir **^^^^* thero be a minimum length of 
stimulus below which no summation takes place, it c^ainly 
lies below second for the weakest light. 

In the course of this investigation Mr Stewart found 
that when the mirror was rotated slowly hut with gradually 
inoreasixig speed and a beam of light was reflected from it 
to the eye, a senos of colour changes was seen. A descrip¬ 
tion of a typical experiment will beet explam what was 
observed. 

Mirror driven by gas-engme, petroleum Ump the source of light. 

S (1) •« 7 tunu a second of tho rotating mirror 

8 (2) * 10 ,, ff ,, »i 

8 (3) *17 ,* ,, ti 11 

S (1) A dark green band appears at each side of tho broad greenish 
yellow band, which represents the suooessive images of 
the flame of the lamp. When the intensity of the 
illumination wm increased, the broad band beoame 
violet, bounded by two green edges. 

8 (2) Dark green edges have disappeared. 

8 (3) Faint but broad yeUowish brown band at edges, and 
yellowish brown mottling over the rest of image. 
W hen the intensity of the lUnmmation was diminished, 
tho whole image became reddish brown. 
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Am the roBult of numerous experiments it was found that 
fmr any given intensity of light, there is a rate of revolution 
of the mirror with which violet preponderates, with a higher 
speed green preponderates, with a still higher speed red. 
A decrease of illumination puts the whole phenomenon further 
forward and corresponds to an increase of speed, while an in¬ 
crease of illumination puts the phenomenon back to an earlier 
stage and corresponds to a decrease of speed. Hence as the 
intensity of illumination at the edges is not the same as in 
the middle, the colouration of the edges is different from 
that of the middle * 
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Now all these changes take place about or below the 
speed necessary for complete and steady fusion of the 
separate flashes. The idea at once suggests itself that the 
phenomena arc connected with the different course of the 
curves representing the excitation of the throe groups of 
fibr^ of the Toung-Helmolts theory 

The adjoining figure (Fig. 1) represents the curves given 
by Mr. Stewart for the rod, green and violet sensations. The 
time during which the stimulus acts is measured along the 
horixontal axis, and the intensity of excitation is denoted by 
the ordinate of the curve at that point. 
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Suppose that the Btimulus coniidered be that of white 
light. If it be of the oomparatively long duration indicated 
hj OA, the excitation oi each of the prunary viaual hbres— 
red, green and violet—will be equal, as ih seen by the equal 
length of the ordinatoa. Consequently the resulting sensation 
will be white. But if the stimulus lasts for u shorter pmod 
as Oa3, the violet visual fibres will be more excited than the 
green and much more than the red fibres Consequently the 
resultmg sensation will bo blue or bluish-violet. If the 
period of the stimulus be very short os Oal, the red fibres 
will have the preponderating excitation, and a rod sensation 
will result. 



Flo. 2. Flo, 3. 


So far I have been practically only quoting from Mr. 
Stewart's paper 1 must now attempt to give some reason¬ 
able explanation of the colours seen on this rotating disc 
Consider a disc half black and half white, the white part 
being marked throughout a quadrant by a curved black line. 
(Fig, 2). If the disc bo now rotated counter clockwise at a 
speed of n revolutions per second, and the eye be fixed, a 
stimulus of white light will be received by the eye lasting — 
seconds. But owing to the persistence of the image the virtual 

duration of the stimulus will be 3 + a seconds, where a is a 

4n 

small fraction. When the speed of the mirror is such that 
^+o=sOa th^line will appear red. 
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Now on reveninj^ the rotation of the diflo, the line appears 
blue. To explain this, we must draw att^tion to another 
physiological point. 

When a uniform white surface is interrupted by a thin 
black line the black bne u not to quickly taken up by the 
eye as a broad black surface. In this way the ourred line 
will appear shortened to a greater ext^t than the after¬ 
image of the white extendi over the black semicircle. There¬ 
fore in this case though the actual duration of the white 

stimulus is as before » seconds its virtual duration is +B 
4» i 4n 

seconds where p 7 a. 

On referring to the diagram we see that for a longer 
duration of the white stimulus 0a3, the violet ordinate is the 
greatest, and the green is next, so the colour between the two, 
or blue is seen For a series of flashes following one another 
at on interval about that necessary for fusion, the ordinate 
corresponding to the length of each flash will still be the 
mean ordinate of the compound curve. 

When the curved line occupies an intermediate position, 
the virtual shortening of the line will be less, as the white 
stimulus preceding it> will bo less intense fen* it has lasted 
during a shorter tune. Consequently when a disc wiUi four 
sets of lines as this (Fig. 3) is rotated, four colours will be 
seen, red, stone yellow, dirty green and blue. 

CoLouB Phshoubna Obsirvxd bt Fobbib Aim Youko. 

The results of an elaborate series of experiments carried 
out by Fmrbes and Young on the velocity of light were pub¬ 
lished in ih.e Philosophical Transactions of 1882. The method 
adcqited was a modifleation of Fiaeau’s. It is unnecessary to 
describe the details. The source of light is placed b^iind a 
toothed whe^ which can be rotated at a very rapid rate. 
The li^t passes out between two teeth, and is reflected from 
two distant mirrors placed nearly in the same line, but one 
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more remote than the other* When the toothed wheel ia 
at rest the observer sees two stars side by side, of nearly 
equal brightness When the wheel is in rapid rotation, the 
same thing happens for particular velocities. If after equality 
has been reached with one of these velocities, the speed be 
increased, the relative brightness of the stars changes. The 
star from the farther reflector gradually fades and finally 
disappears, the other reaching a maximum intensity to de¬ 
crease in its turn. The star which has been first eclipsed 
will be the first to re-appear and will increase in brightness 
with the speed. 

Now Forbes and Young observed that although white light 
was used, one of the stars was red and the other blue. Closer 
examination showed that when the brightness of either was 
increasing, its colour was red, and when its brightness was 
fading, its colour was blue. * This they concluded to indicate 
a difference in speed of the waves of greater or less wave- 
frequency. Thus if the blue waves travel faster than the red, 
then the red waves will be eclipsed at a lower speed than 
the blue, so that as the speed of the wheel is increased 
the red waves will be first eclipsed and the fading image 
will appear blue. On the other hand, when the image is 
re-appeanng after eclipse^ the waves which travel slowest will 
be the first to gain admission through the adjacent tooth- 
spaoe and the growing image will appear red. To test 
this point experiments were made with the red li^t 
and blue light of the speoirum formed by a prism, and 
from the average of the results the experimenterB concluded 
that the blue waves trav^ about 1 8 per cent, faster than the 
red. This difference it so great, that in the absence of other 
support, the effects have not been generally accepted as due 
to a difference in velocity of the various waves, but it is sur¬ 
mised that the colouring is due to some extraneous cause not 
yet determined.’ 

The above is what Preston says in his theory <rf light. 
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Now will not Mr Stewart's expenuients explain this colour 
sensation? We have here an intermittent stimulation of the 
retina. The number of stimuli per second can be varied and 
so can the len^h of each; a ituall increase of the speed of the 
toothed wheel may oxtin^uh ona of the stars, i.r,, reduce 
its stimulation time to zoro A difference of speed of about 
10 |)0r cent, could produce an infinite difference in the bright¬ 
ness, and therefore in the time of stimulation. Accordingly 
the change in the velocity, so far as it affects the number of 
stimuli in n given tune, may probably be neglected. We 
may consider m fact that the numlier of stimuli per second 
remains constant, while the length of each stimulation is 
continuously varied from zero to a cerltdn finite maximum 
value, and from this value back again to zero. A glance at 
the diagram will show that as the stimulation tuno is in¬ 
creasing from, 0 to Oui, the colour sensation produced will 
bo red. 

Further we know that the excitation takes some time to 
fade away, and that it fades away more slowly in the violet 
and green fibres than m tho red Helmoltz and Fechner have 
described a succession of colours m the after-image of a bright 
white object * tho positive aftor-uuage goes quickly out 
of the original white through greenish blue into indigo blue, 
and then into violet' Hence when the stimulation time is 
diminishing (or when the stOrr is fading) the colour seen will 
be blue. For the excitation of the red fibres will riqiidly fall 
away, while that of the green and violet fibres will for a 
time retain their pnstine height. This is tho explanation 
given by Mr. Stewart of the anomalous observations of Forbes 
and Young 

For monochromatic light Forbes and Young found that 
it required a greater velocity to produce equality with blue 
light than with red. Mr Stewart suggests that this is due tc 
the fact that * the minimum difference which can be apprecisr 
ted IS not the same for each colour. . Two similar white 
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lights which seem equal when looked at through a red glass 
may not appear eqxial when viewed through a blue glass.’ 
This does not appeal to me. If one of the similar white lights 
18 composed of the two oomplementarj colours, yellow and 
blue, and the other is composed of all the colours of the 
spectrum, of course they will appear of different intensity 
when viewed through a blue glass 

1 have found that when this disc is illuminated by sodium 
light on rotation the colours seen are almost the some os when 
it 18 illuminated by white light The sodium light must there¬ 
fore excite all three primary fibres, though of course to a 
different extent. But the colour phenomena due to a difference 
in length of stimulation time are still apparent. Hence to 
explain Forbes and Young's observations 1 would make the 
following suggestion. Suppose that when red light was used, 
the two stars appeared of oqual brightness when the speed of 
rotation was from 410 to 418 revolutions per second, say 414 
Now us the excitation of the violet fibres fulls uwuy more 
slowly than that of the red fibres, it is ob\ lous that w hen blue 
light was used, the stars will appear of equal intensity during 
a greater range of speed. Suppose that they appeared equal 
when the speed ranged from 410 to 4^10 revolutions 
per second. The mean of this is 420. Forbes and Young 
would naturally conclude that a greater velocity was required 
to produce equality with blue light than with red light. 

1 would make a similar suggestion to explain this curious 
phenomenon of the disc, when it is rotated rapidly. Fixing 
the attention on the line which appears red on slow rotation, 
it becomes bluish or mauve on. rapid rotation, and the line, 
is continuous or fusion is complete Presumably in this ease 
the intervals of non-stimulation are so short that the excitar 
tion of the violet and green fibres have not had time to fall 
away, while the red sensation has entirely faded. The 
blue sensation will increase to a certain maximum, 
on which will be superimposed numerous little flashes of 
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red sensatioiu Ilenue a mauve colour ia aeen. Fuaion of 
the blue aenaationa will occur aooner than fuaion of the red 
sensationa, or if auoh an expreaaion be allowed, blue tetanua 
will occur at a slower frequency of intermiiaion than red 
tetanus. Hence a mauve colour-aenaation ia produced 
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Tue Pleasures of Bohi kg. 

By FrofeMor G. A. Lxboub, M.A., ALSo. 

[Head January 18th, 1900.] 

There must always bo in ibis country a certain number 
of nch men to whoiri the ordinary methods of spending the 
xmallotted portions of their incomes appear unsatisfying and 
commonplace—men who each year find themselves with a 
few thousands in hand which they may give away, risk, or 
lose with a clear conscience. To re-invest this surplus m 
sale securities is prudent but tame. To gamble with it on 
the Stock Exchange is lees tame, but has in it an element 
of business repugnant to many mmds. To stake it at 
Rouge^t-noir or Baccarat is exciting, but objectionable to 
some on moral grounds. The Turf is equally exciting, but 
has similar defects. To spend it in charity, or in donations 
to educational and learned institutions, or to the funds ai a 
political party, is Christian, philosophical, or loyal, as the 
case may be^ but there is p^haps not much excitement to 
be got out of it. 

It should, therefore, be a boon to such men to have 
pointed out to them a means of spending their odd 
thousands which would combine the prudence of the 
investor, the benevolence ot the pious founder, the 
patriotism of the politician, with the exciting qualities of 
Epsom or Monte Carlo. Such a combination they would* 
1 think, find in the great game of Boring. 

Boring is too often regarded as merely a subordinate 
province of engineering to be entered into by professional 
men in search of water or minerals. This is its most 
obvious and utilitarian aide. It possesses, however, most of 
the best characteristics of sport, and may be considered aa 
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« game of many advantages. But> like yachting or racing, 
It is a gfune for the nch only. The chief qualities required 
in a player are. patience, temper, judgment, decision, 
firmness, alertness, boldness and money. Though it is an 
outdoor pursuit and any amount of physical exertion may 
be associated with it, it may yet be corned on, like chess, 
from one’s annchair. It can be played alone, like Patience 
or Solitaire, or the players may be numerous, as at Vingt- 
et-un. The appliances mode use of are varied and include 
instruments of many kinds. The ultimate object of these is 
in all cases to make a deep hole in the ground. To this 
object is m most oases added that of bringing up for 
inspection bits of ground from the depths bored to— 
soundings from the deep earth, m fact. 

The way m which the game is played is as follows: —Let 
a player, A, furmshed with the mental and pecumary 
requisites already mentioned, acquire minmg rights over a 
suitable piece of country, where no mining has yet been 
earned out, and where no valuable mineral has ever been 
proved to exist, but where it is possible that such mineral— 
say coal—may be present. This first step is of cardinal 
importance and neceMitatos a profound knowledge not 
only of the principles of geology but of the local peculiarities 
belonging to the particular region selected Should A 
possess that knowledge—well and good , he will be in the 
position of a racing man capable of choosing his own stud. 
Should he, as is more likely, know little or nothing of such 
matters, he will, as so many owners of winners have done, 
engage an expert to make the selection for him. The 
choice of a competent, trustworthy, and sufficiently daring 
geological adviser will be the first test of A’s capacity for 
the game. 

The spot having be^ fixed upon, the probability that 
eoal may be found within reasonable limits of depth must be 
ascertained by a careful examination of all the available 



281 


evidence. The method of boring to be adopted dependv 
largely upon thui and many considerationB will have to bo 
wMghed. There are the common bonng rod and chiselBy 
which are Blow, but which can be earned down to ohnoat 
any depth and which bring up the material of the rocka 
bored through in Buch a state that only after much 
experience can they bo recognized. Then there in the 
American plan, much in vogue in the States for * striking 
ile,’ which piercee the earth’B crust at a speed much 
greater than any other, but which brings up nothing but 
floods of liquid mud. Lastly there is Diamond Boring, 
more expensive than the others, and deliberate, but which 
brings up the actual rock m cores averaging some thirteen 
feet in length and varying in girth from the size of a church 
pillar to that of one’s thumb. 

Whichever apparatus is used, mucli will depend upon the 
master-borer, who may be looked upon as corresponding 
to the trainer of a racing stable. By his long^ucated 
senses of touch and hearing he can tell the nature of the 
strata through which the chisel or crown is at any moment 
working its way. If incompetent, clueless, or dishonest,, 
he may declare coal-seams present which are not there, or 
he may exaggerate the thickness of imworkable seams, or, 
again, he may allow a good seam to pass unrecorded or 
may rei'ord it m inches instead of feet—just as an unfaithful 
trainer may depreciate the value of u good horse or 
appreciate that of a bad one. 

Having, however, committed himself to a system of 
boring—the Diamond, probably—and assured himself, by 
means which his worldly knowledge will suggest, of the 
faithful co-operation of his master-borw, A rigs up his tackle 
and begins to bore. 

During the progress of the hole—a matter of month* 
usually—A, his expert, and his master-borer, will be 
inoessantly occupied. Each foot of rock brought to the 
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surface will be closolj Boanned, the nature and thicknesi of 
each stratum will be registered and commented on. No 
particle of evidence tending to throw light upon the result 
can be safelj neglected. Changes in preconceived views 
maj posBiblj be brought about by the new knowledge 
dmved from the boring Sudden stoppages may occur from 
time to tune. Soft beds may clog and impede the 
revolvmg crown of diamonds, the diamonds themselves 
may fall off and need replacing, the rods may break and 
great difficulty may bo experienced in attempting to 
withdraw them, it may be neoossury to devise tools for the 
purpose—much as surgeons have been known to invent 
special instruments in the course of a capital operation 
Indeed the course of deep bonng seldom runs smooth 
Unexpected strata may be struck and fresh deductions 
must be formed from them, or the unexpected rocks occur, 
but lying m unforeseen positions. In such cases the cores 
probably show the amount of the dip clearly enough, but 
its direction may be doubtful, indeed tho exorcise of much 
ingenuity may be needed to solve this question—possibly a 
crucial one. As hundreds of feet of cores accumulate, and 
the diagnosed depth is neared, the hopes and fears of the 
race-course are felt by all concomod, and when success or 
failure is at length certain, as much pluck and stolidity are 
required of A as at the winning-post. 

Success may mean the proving of a now and unthought-of 
coal-field, employment for large nmubers of men, much 
additional wealth for A (in lieu of a Cup), and perhaps, as 
the obverse of the medal, the spoiling for evmr of a beautiful 
landscape. Or else success may be of the 9uech iTcBHme 
kind, that is, the cool may be found, and A*b acumen 
be proclaimed to the world, but too thm or too deep to be 
profitably worked. 

Failure may, in the same way, be failure pure and simple, 
like that of the owner of the last horse All the prognos- 
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tioations of A and of his experts—^trainers and jookoTs—may 
be falsified and may be shown to have been based on 
insufficient knowledge or on wrong premises. This is hard 
to bear. But failure may be comparative. No coal may 
have been itniok, but the information yielded by the boring 
as to the lie of the beds may be such as to render the 
favourable issue of a second trial almost a certainty. 

At the worst) succossee and failures alike add evidence of 
value for future undertakings, as it may chance that some 
unlooked-for mineral may be met with—for the element of 
chance is never absent from boring operations. What was 
not long ago the deepest bo^ in existence failed to find 
what it was put down to seek, but proved the quite 
unexpected presence of the thickest bed of rock-salt in the 
world.* A still deeper boring, on the other hand, only 
succeeded m proving an enormous thickness of unremunera^ 
tive deposits.! 

Such is the game of boring played by one. Played thus 
it may m the eyes of some seem lacking somewhat in 
•emulation. But let two or more arrange to bore against 
•each other, and all the elements of competition are at once 
brought mto action. There is then no limit to the sportmg 
possibilities of tho struggle. Timo, depth, presence or 
absence of coal, its thickness, its dip—these and numberless 
•other points may become objects of rivalry and—if the 
savour of the forbidden fruit be absolutely needed—of 
betting. 

The suggestion thrown out, then, is that octivo-minded 
men of means might find in boring for coal or other 
mmerals on occupation at least comparable with the Turf 
in its mental requirements and in its cost, with prizes by the 
the side of which those offered by most othef pursuits are 
insignificant, with spirit-stirring moments unequalled in the 

* The Speremberg boring near Berhn, which ptmed through more 
than 8,000 feet of tali, 

+ The SohUtdebaoh boring near Leiprig. 
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life 6f the uioat 'fervent gambler, and with the single 
drawback (from the non-utilitarian point of view) that the 
winner by wmnmg adds to the resources of his country. 

As an example of this kind of problem which underground 
exploration by probe means, perhaps none can be selected 
more interesting or more important than that of the search 
for new coalfields in the southern portion of England. 
The conditions of that problem, eliminating all but the most 
essential, are as follows 

(а) The fact that coal m workable beds has so far been 
found to occur in Britain and in the neighbouring parts of 
the Continent only in the upfer division of the Carboniferoua 
Rocks or Coal-measuros. 

(б) That the Coal-measures hitherto known in those 
regions are m all hut a very few oases known to be more or 
less incomplete as to their upper strata, and are therefore 
found either exposed to tlie day or covered unconformably 
by newer deposits 

(tf) That the fragments of Coal-measures of the northern 
half of England, or so-called coal-fields, can be proved ta 
have become separated by the removal, or denudation, of 
connecting masses of rock—in other words that they were- 
once continuous. 

(cf) That this onco-continuous large tract of Coal- 
measures has been proved not to have extended further 
south than a ndge of older rocks in existence at the time 
of the formation of the Coal-measures running across the 
island from Mid-Wales to South Leicestershire. 

(r) That other fragments of Coal-measures or so-called 
Coal-fields occur to the South of this ancient ridge in South 
Wales, in the Mendips, at Bristol, at Burford Signett, and 
at Dover. That these Southern Coal-fields are m direct 
chain-like continuation of a similar series of Coal-measurea 
fragments on the Continent in the Boulonnais, in the 
Pas-de-Calais and Nord Departments of France, in Belgium» 
at Aix-la-Chapelle, and in Westphalia. 
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if) That in Western Holland another fragment or 
coal-field occurs a few miles to the north of that of Aix-lar 
Chapelle—^that is to say north of a line drawn through Uie 
known South British fields and those of Northern 1 ranee 
and Belgium. 

iff) That a number of borings put down north of that 
line and south of the ^ Mid-Wales to Leicestershire ’ ridge 
have proved the absence of Coal-iueasures at certain spots 
(A) That the South Wales and Belgian chain of coal¬ 
fields are known to occupy minor troughs of a more or less 
compound fold, along the main axis of which they are 
placed. * 

(«) That quite recent researchco m Belgium have shown 
that there the coal-beoruig synclinal fold is situated on the 
northern fiank of a denuded ridge of pre-Coal-measure rocks 
and not along the actual summit of that ridge. 

(/) That lu South Wales the coal-bearing synclinal 
fold lies upon the southern fiank of a denuded ridge of pre- 
Coal-meusure rocks. 

(A) That in the Mendips the Coal-measures are on the 
same side of that ridge but on tbo north^*n fiank of a more 
southerly mass of older rocks. 

(f) That the coal-bearing folds are most pinched up— 
laterally compressed—in the Belgian and French area, are 
less compressed both to the east and west, but become 
once more narrowed and sqtieeced in the extreme west. 

(m) That where the lateral i^mpression is greatest, 
there are found to be occasional inversicms of strata and 
reversed faults approaching the horizontal, technically known 
aa overthrusts, as in the Mendips, Boulonnais, Nord, and 
Belgian districts. 

(») That in the event of sucdi inversions or overthrusts 
being present, the first strata of palssosoic age met with 
beneath the unoonformable base of the post-Carboniferoua 
rooks, if pre-Carboniferous in age, would afford no proof of 

17 
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the abience of Coal-meaaures lower down. Two diviiiona 
of the paleozoic formations must be determined before such 
proof is possible. 

(o) That the line of greatest height (or water-parting) of 
the great southern ridge of old rocks, where it is known, 
varies in level within limits represented probably by about 
1,000 feet. 

(p) That nowhere along the southern chain of coal-fields 
is the total thickness of Coal-measures present. 

(^) That the post-Carboniferous beds which conceal 
large portions of the great southern ridge of old rocks are 
of varying thickness, the law of their variation being 
apparently this, vis ; a thickening of the clayejT deposits and 
a thinning of the limestones on nearing the ancient ridge. 

(r) That a certain correspondence has been found to 
often, but not in all cases, exist between the position of the 
flexures of the unconformable newer beds and that of the 
folds of the underlying rocks. 

(s) That certain magnetic surveys of Britain have 
indicated, by means of lines of maximum intensity, the 
underground distribution of probable ndgea of ancient 
crystalline rocks, which are presumably the basement stru> 
turea in the upper portions of which the hidden Coal-measures 
are to be sought for.* 

Given the body of evidence thus sketched out, it is 
required to find, m the South of England, beneath the 
post-Carboniferous beds: — 

1st. The ridge of' ridges of old rocks which they 
overlie unoonformably. 

2nd. Those portions of that ndge or ridges which are 
nearest to the present surface of the land. 

* The ■keteh-map accompanying this paper shows the position of 
the principal Viore-holee which have yielded evidence bearing upon tho 
search for ooal m the South of England. For farther details, readers 
are referred to the writings of Q<MWin>Austen, Frestwioh, Whitaker, 
Topley, Holmes, Harrison, Taylor, and Boyd Dawkins, and to seireral 
papers in the Trawn^tona qf (Jaolog%cal ^ocief v qf fklgwm. 
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3nL Those portions of that ridge or ridges in which the 
folds are moat compressed and where the Coal-measurea have 
in consequence received most protection from denudation. 

This is the problem to be worked out, and boring alone 
can give an answer to it. Evety boring within the proper 
area> however unsuccessful in finding coal, helps to the final 
solution, narrows the fidd of enquiry, and renders ultimate 
success easier of attainment. 
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Exn^ANATION or Map. 

The areas oo\i}red with close oblique liaea are known ooaltielda. 

That with lines wide apart is the region wherein Coal-measures may 
be met with at greater or less depths. 

Tho numbered niroles are borings, the black ones m ith a cross have 
reached the Coal measures; the white ones hage only reached rocks 
newer than the Coal-measures; the block ones without a cross have 
struck rocks older than the Coal-measures without passing through the 
latter, which are, therefore, absent at these spots. 

No. 1.—Burford Signet * 1184 feet deep, reached Coal-measures. 

No. 2. —Dover 1113 feet deep, reached Coal-measures. 

No. 3.- Ropersole . near Dover, reaohoil Coal-measures as at Dover. 

No. 4.—**Sub-Wealden ” Bonng at NetherHeld * 10)5 feet deep, 
reached Oxford Clay 

No. 5. Rottmgdeau 1285 feet deep, reached Lower Ureensaad. 

No. 6.--Chichester. 1054 feet deep, reached Upper O'reensand. 

No. 7.—Purtsmouth 1037 feet deep, reached Chalk. 

No. 8.—Southampton * 1317 foot deep, reached Chalk. 

Mo. 0.—Meux's Brewery * 1140 feet deep, readied Devonian. 

No. 10.—Kentish Town; 1302 feet deep, reached New Red Sand¬ 
stone (?). 

No. 11.—Cheshnnt * 1010 feet deep, reached Devonian. 

No. 12.—Ware : ,837 feet deep, imched Silnrian. 

No. 13.—Richmond : 1447 feet deep, reached New Red Sandstone (T). 

No. 14.—Crossness * 1075 feet deep, reached Devonian (*). 

No. 15.—Harwich ; 1098 feet, reached Carboniferous (Lower) Rooks. 

No. 16. —Yannonth 583 feet, reached Clialk. 

No. 17. ~ Carrow : 1200 feet, reached Oanlt. 
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An imal Life w itho u t Bactema. 

By F. O. GAUum, M So. 

[Head January 25th, 1000.] 

It has long been known that the intestines of men and of 
other animals contain many micro-organisms, and there has 
been much speculation as to the part they play, and as to 
whether or no they are of service to their host, but until the 
last few years its great difficulty has prevented any expen- 
mental investigation of the problem. In 1885 Pasteur* ex¬ 
pressed his belief that under sterile conditions—that is to 
say, in the absence of these organisms—life would be im¬ 
possible; and he suggested that the question might perhaps 
be answered by hatching eggs in a germ-free incubator, and 
feeding the chickens with sterilised food. Nencki at once 
opposed this view.f argumg that the digestive changes aro so 
much more rapid than the bactoriul, that the asdstance of 
bacteria is unnecessary; and that, moreover, the end products 
of their action are usually substances (such as the fatly acids, 
phenols, indol, hydrogen sulphide^ marsh gas, etc.) which 
have no food value at all. 

Here the question remainod for ten years, and no serious 
attempt to answer it experimentally was made, until Nuttall 
and Thiorfelder| commenced a series of most valuable experi¬ 
ments with guinea pigs, and showed that when the young 
animal is removed frcmi its mother by the cuesanan operar 
tion, and completely protected from all micro-organisms, it 
is possible for it to live and thrivow Immediately the guinea 
pig was bom it was transfeired to a stylised apparatus, 

* ComstfM ffendvA O. 68. 

+ Arth/fr. exp, PcUh, tt, Pharmak , xx. (1886), 385 

t ZeU./ Physiot. Cfhtm,, xzt (1895), 100; and xxiL (1896), 6 
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wh^re benoath a glaai bell-jar it woe auppbed with dry and 
germ free air, and with atenliaed milk, and waa kepi under 
observation for the remainder of its short life. When about 
twelve hours old the little animal was able to sit up and to 
receive its first meal and from that time onward one of the 
experimenters fed it every hour through the day and the 
night; after eight days it was lively and in good health, and 
had grown larger, but the strain of the hourly attention told 
heavily on the investigators, and it was found necessary to 
conclude the experiment. The animal was therefore killed, 
and the intestinoa and their contents were^examined bacterio- 
logically, but without detecting any micro-organisms at all, 
thus proving that it is possible for an animal to thrive on 
a milk-diet without the aid of bacteria. 

So niui'h having been proved a fresh senes of experiments 
was undertaken in order to find whether vegetable foods 
could also be digested under these conditions, and several 
guinea pigs were reared under the conditions already de¬ 
scribed, but were supplied with Albert biscuits as well as with 
milk. These expmments were even more successful than 
the* first, two oi the animals being kept in good health for 
fourteen days without the appearance of any microKirganisms 
in the mtestmes. 

Nuttall and Thierfelder have thus shown that for the diges¬ 
tion of milk, sugar, fat and starch, the acid of micro-organisms 
is not required, though probably the digestioix of cellulose is 
impossible in their absence. 

Attempts were next made* to obtain eggs free from micro- 
oiganisms and to hatch them and bring up the ohiokens under 
sterile conditions but they were unsucoessful, and after a 
number of failures the authors concluded that in all prob¬ 
ability the eggs were infected while still in the oviduct, and 
before the depositicHi of the shell. This coixolusion has very 
recently been opposed by SchotteliuB,t who made during 

* Znt,/. PA^. Ckmu., xxUL (1807), 2S1. 

t Archlv*/, xxIy., 210. 
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1898 a large number of experiments with hen’s eggs. Like 
Nuttall and Thierfelder he found very great difficulty m 
freeing the eggs from germs, but he sliowed that if the eggs 
are laid ii) a very cleiui nest, and are at onte treated with 
solution of mercuric chloride (1 in 200) it is possible to cleanse 
the eggs and to obtain from (hem chicks which are also free 
from micro-organisms Several cliicks were obtained in this 
way and were kept alive for a number of days, but they did 
not thrive, as a rule they lost weight daily, grew steadily 
weaker, and none of them survived the eighteenth day. 
Bearing in mind that Nuttall and Thierfelder's guinea pigs 
though they appeared healthy gained weight but slowly.* 
SchotteliuB concludes that though without bacteria life is 
possible for a time nutrition proceeds imperfectly, and that 
they are really essential for healthy life. Against this it 
may be urged that m these experiments both the chickens 
and the guinea pigs were somewhat unfairly treated. The 
chickens were kept in a warm and extremely dry atmosphere 
which 18 quite a sufficient cause for their feebleness; while the 
gumea pigs in addition to being bom in an unnatural manner 
and fed with milk were deprived of their mother’s pro¬ 
tection and left entirely alone from first to last; Nuttall and 
Thierfelder have proved that these troubles are m<n*e than 
sufficient to account for the slow progress made by their little 
patients. 

The disputed point has finally been decided by Levint 
in a remarkably simple fashion, In the summer of 1898, 
Levin took pari m Notthorst^s expedition to Spitsbergen m 
‘ the Antarctic,’ and while there, examined a very large 
number of samples of air, water, etc., finding—as one would 
expect—that both air and water were singularly pure bacterio- 
logioally. He also made very complete baeteriologioal exain- 

* The “experunentsl" ninea pigi only gained about 12 96 when 
they might have been expected te gra about 21 96 

T ilittt. iMt, xiii (1895 )i 568. 
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inationa of the ULteatinea of a number of animala, including 
white boara, aeala, aharka, eider-ducka, penguins, frigate birds, 
black gulls, searurchins, shrimps and others, with the follow¬ 
ing result: —^The lower sea animals showed isolated hacttnn ; 
one bear and two seals gave B, eoH tfommiinta but the great 
majority of the animals and all the birds except two were 
entirely free from micro-organisms; so that the question bus 
at length been decisively answered. Fusteur was wrong, and 
it IB possible for an animal to be perfectly healthy without 
the aid of bacteria. 
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On Wireless Telegraphy and 

E lRCTRIC PlSCHARgE . 

By Profewor Hknry Stroho, M A., D.So. 

[Abstract of a i>apor read February 9tb, 1900.] 

This paper waa prepared, by request^ to give some account 
ot the subject of wireless telegraphy Since the author’s 
public lecture (Oct. 5th, 1897) on the subject, considerable 
progress has been made m the application of what was then 
suitably termed the Lodge-Marcoiii system. 

This system has been styled by Dr. Fleming the open- 
circuit method to distinguish it from the closed-circuit method 
devised by Preece many years ago and recently elaborated 
by Lodge in his experiments m ** Magnetic Space Telegraphy.” 

This paper only dealt with the open-circuit method which 
has been brought into public use by the interesting large 
acale cxpenments of Signor Marconi. 

The existence of electrical vibrations when a Leyden jar 
is discharged was noticed by Henry in 1842. Lord Kelvin 
gave the themry in 1853 stating the conditions for oscillation, 
and from 1857-1862 Fedderson pubbshed accounts demon¬ 
strating the oscillatory nature of the Leyden jar discharge, 
vix., by the use of a r^idly rotating mirror. The most 
direct way of showing the osoillatofy character of the dis¬ 
charge is afforded, it is believed, by the figures which the 
authcHT has obtained by the Liohtenberg method in contmuar 
tion of Lord Armstrong’s eocparimeints. Some of these figures 
were shown on the table and in the lantern. 

Herts used in his experiments, the earlier of which were 
deaoribed about a dosen years ago, vibrations of the type of 
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those which occur when the inner and outer coatings of a 

charged Leyden jar are put into electrical connection. The- 

electrical oscillations, or surgings to and fro, must, according- 

to Maxwell, set up ether waves, which Herts by his experi- 

» 

mmts demonstrated 

A brief description was then given of the Herisian ex¬ 
periments, attention being directed to the oscillator or radiar 
tor and the resonator used as a receiver 

The coherer (electno eye), os devised by Branly in 1890, 
was then desoribed and shown as a receiver. It depends for 
its action on the sensitiveness to electric waves of a bad 
electrical contact between oxidisable metals. The electrical 
resistance of the contact is much diminished when it is ex¬ 
posed to dectrio waves. A coherer consisting of a needle 
point and copper disc Vas next used, and lastly a relay 
coherer provided with horizontal collecting wires. With this 
last arrangement an experiment was made with the exciter 
on the table and the relay coherer at the far end of the 
theatre. When the wires of the exciter and coherer were 
parall^, or nearly so, the coherer readily responded, but 
by rotating either the exciter or the coherer, it was shown 
that the coherer ceased to respond when the wires were by 
no means parallel 

The history of Marconi’s suocesaful ezpmments was then 
briefly given. It was stated that his success was greatly 
due to two points: (1) the use of a high vertical wire attached 
to one side of the exciter and coherer, the other side of each 
being joined to earth; (S) the introduoiion of inductive coils 
between the coherer, relay and battoy thus conoentrstixig' 
the wave energy taken up by the receiving wire upon the- 
ooherer, 

Seference was made to the recent successful experiments, 
across the Channel and during the Naval Moiusuvres (1899). 
It was pointed out that for wireless telegraphy over con¬ 
siderable distsnoes the idea of tuning the exciter to give- 
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and the coherer to detect one particular period of vibration 
haa not been applied up to the presentw Should this be 
accompliihedi the secret transmissioii of signals between two 
places will then bo possible. It was» however, stated that 
both Marconi and Lodge have patented syntonic arrange¬ 
ments for use over short distances in connection with the 
open circuit method. 

In conclusion experiments were shown with the Arm¬ 
strong Wimshurst machmo. Oscillatory discharges were 
transmitted along two wires, each about 60 feet in lengthy 
the ends of which were joined to various arrangements of 
different capacities. The luminosity of the wires was clearly 
seen in the darkened room. For these experiments the 
Wimshurst was in an upper room and the wires were brought 
down through a trap-door m the ceilmg of the theatre. 
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On the Boulder Clay, Raised Beaches, 
AND Associated Phenomena in 
THE East op Durham. 


By David Woolaoott, M.8c. 

[Reftd March Ut, 1900.] 

My purpose m this paper is to trace as far as possible 
the glacial and recent geological history of the East of 
Durham from the standpoint of the most recent geological 
theory. 

That the surface of the Carboniferous and Permian strata 
of the counties of Durham and Northumberland had been 
carved into valleys before the glacial period began is evident 
from the most superficial study of the recent geology. The 
old rock surface lies now m many parts considerably below 
the present sea level, and is to a great extent covered up 
by sevmral feet of clay, sand and the bke. The followmg table 
showing the present sea-level and the depth of the old rock 
Burfaoe, as obtained in some of the bonnga in the district^ 
will elucidate this more clearly (1). 


BorlnB or Soetlon. 


Hdfht sbovv H* 
lnf»«L 

Depth of niperfiotal 
datKNdte lu fMb. 

Boldon (A) . 


100 

90 

>7 (B) 


100 

79 

Brown*! Buildings (Wash) 


110 

170 

Ohlrtcm (Northumberland) 

(A) 

102 

181 

»» »> 

(B) 

fi6 

102 

Fatfleld House 


100 

72 

FulweU'Waterworks ... 

, , 

60 

66? 

Harraton 


100 

124 

Harton (A) 

... 

79 

118 

.. (B) ... 


80 

116 

» (C) .. 


75 

70 
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Borlnc or Beottem 

B«tchl alioT* MS 
la foot 

Dmlh of BopweeUl 
dsportts la fsel 

Hebbtum ••• 

80 

88 

Hendon Banks . 

80 

80 

Kibblesworth (Wash) 

72 

180 

Lumley . . 

160 

79 

Newcastle (under High* Level) 

' 0 

62 

Norwood New Pit (Wash) 

16 

166 

PeUw (Wash) 

100 

168 

Percy Mam 

100 

183 

South Biddlok 

134 

90 

Sprmgwell . . 

460 

9 

Wallsend (A). 

172 

170 

» (B) . 

141 

62 

Washington 

230 ‘ 

72 


The ooune and apparent oonnectiona of Uieae old valleTs 
u peculiar, and throughout this paper they will be given the 
following namet;— 

(1) The BO-called ‘ Wash,' in the Team Valley. 

(2) The ‘ Tyne Valley,’ in the course of the Tyne, 

(3) The * Jarrow Valley,* running from Washington to 

Jarrow. 

(4) The valley between Cleadon and Fulwell HOls^the 
' Cleadon Valley.' 

and lastly, the one running through Sunderland to Hendon— 
the ‘ Hendon Valley.' 

It is perhaps worthy of note that no similar valley of any 
importance occurs between Hendon and Castle Eden. 

The following sections across three of them show their 

» ture better than any verbal description could possibly do. 

would direct particular att^tion to the similarity be¬ 
tween the sections across the Wash and the other valleys. 

On a clear day most of them can be distinctly traced from 
the top of Cleadon or Fulwell Hills; when standing on one 
of these Magnesian Limestone Hills and looking towards the 
west, the Coal-measure fells stand out prominently in the 
distance, while between is a long stretch of level country. If 
we imagine the whole of the superficial deposits to be stripped 
off the ancient T^e^ Jarrow and Cleadon vall^s would lie 
beneath us. 
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Sedxtm 1.—From FyltotU to CUadon UxUa 
fti a 'Haiswl Beaches resting against old sea cliff. 
F.W.—Fulirell Waterworks. 


C.~ Gleadon Village 

Valley in Permian strata filled in with stony boulder clay above 
rhich u a brick clay without boulders. 



Siocitem 2 —From Oitmy HiU^ SotUh Skteldff to ir, Boldon, 

H—Harton Colliery. B—Boldon Colliery. 

Valley in Goal-lhearares and Permian Strata filled up with boulder 
slay, clay, and sand 



Section 3 .—AeroM W<tMh,/rom Pciptr hy Boyd and Wood, 
a -Red Rose Hall Pit* 
b-Borehole. 

o-> Borehole at Chester-le-Street 
d—Lumley Colliery. 

R. W -*IUrer Wear, 

Valley in Coal-meaaurea filled up with sand, gravel, and clay. 
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The direction of tlie Beotions is shown on the accompany¬ 
ing map of tho district. 



Map or * Wash/ Tynk, Clicatk}:^ and Hxndon Vat^lktb 
rtUJtD WITU BUPCBriCtAL DBPOtUTS. 

Arrows indioato the probable presont slope of pre-glaoial rook-snrfaoe. 


iiorxvgn «/<•.- 


BB, BrownV Buildings 
CS| Ohester-le-Streot. 

Ch, Chirton. 

Fi Faltield House. 

FW, Fnlwell Waterworks. 
H, HarUm. 

Ha, Boldon Colliery. 

He, Hebbnm. 

Hn, Harratoa. 

HB, Hendon Banks. 


J, Jesmond, 

K, Kibblesworth. 

L, Lumley., 

N, Norwood. 

He, Hewoaatle, 

O, Onston. 

PM, Peicy Mam. 

R, Red Rose HalL 

S, HpringwelL 
W, Wairsnid. 

Wa, Washington. 


B. - Section 1. Gleadon to Fulwell Hills. 

(7, X>.- Section 2. From Corny Hill, S Shields, to West Boldon* 
Kf F.—Section 3. Across Wash 
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These old depressions prove to us that the district we 
are considenng stood prior to the glacial period at a higher 
level than at present. Professor Jiuues Geikie in lus ' Gr^at 
Ice Age’ shows that Scotland was then from 300 to 600 
feet higher above the sea than it is now, and niont 
geologists would admit that the British Isles w^ere consider¬ 
ably higher at that time If wo admit this, then thoso old 
valleys may possibly havo at some time formed part of the 
higher regions of a river system. It is otherwise very 
difficult to account for such a number of small branching 
valleys 

The ‘ Tyne Valley' was in all probability the principal 
one, while the others may have been all tributary to it. I 
would here draw attention to the importance of disconnecting 
the present names of the Wear and Tyne valleys Iroiu these 
ancient valley's, as both of these rivers have hud to cut their 
present courses since glacial times. This is especially notice¬ 
able in the ease of the Wear, its present course being almost 
entirely post-glacial. At some future time it will be interest¬ 
ing to trace the old valleys in the district to the north and 
west, and see their course and connections, if any, with the 
ones at present being considered. This paper cannot there¬ 
fore be considered as final, as subsequent research may alter 
to some extent the views expressed herein, with regard to the 
direction, and slope of these proglacial depressions. 

During the glacial period the surface features of these 
valleys were m all probability slightly altered, but that no 
changes of any groat moment took place, l^e may bo tolerably 
certain. That some action did take place wo ha\e evidence 
in the * Wash,' as in the paper on it by Messrs. Wood and 
Boyd (2) the surface of a sandstone forming the rocky bottom 
of this valley is referred to as being ‘ furrowed and polished 
in rough and scored outlines.’ 

It seems to be moreover tcderably certain that these pre- 
glaoiai valleys Were produced in the same way as such features 
are formed at the present Ume^ namely, by the action of 

18 
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rumunj? water. They were in all probability the old drain- 
nfje valleys of the district* and we may accept without much 
hoiitation that they were not formed by any great and sudden 
current of water nor scooped out by tlie action of gluciers. 

The low-lying ground between the Wash and Jarrow 
valleys, the rotky surface of which slopes into both of them* 
may l>e accounted for in two ways. They may have been two 
separate valleys with a watershed between. It seems prob¬ 
able that the Wear Valley glacier came across the lowest 
ground between the two valleys, and in doing so it would, 
to a very slight extent, lower the bkrner between them. 
This was possibly due to a larger mass oi ice moving south¬ 
wards, or down the Tyne Valley, damming back the one 
moving north along tlio course of the Wash. The North¬ 
ern glacier seems undoubtedly to have come down between 
Cleadon and Fulwell Hills and through Sunderland to Hen¬ 
don. This, however, admits of a very different explanation. 
It IB possible that these two vaHeys were at one i ime connect¬ 
ed, and that the coanectitm betueen them has been removed 
by earth moreiucnts ; and this sceitis more probable when 
we tiike into account that the preglucial Tyne valley near 
Newcastle also nppea-rs to have a double slope. 

That earth movements have taken place since glacial 
times we have certain evidence m the raised beaches on 
Cleadon and Fulwell Hills, to bo lierenficr more fully referred 
to, and that these movements may have been differential 
between the east and west is possible; indeed considerable 
support for this view is obtained from the fact that the 
borings prove that the rock surface bes many feet deeper in 
the Team Valley limn m those nearer the sea, indeed the 
thickest deposits beneath seorlevel in the district now being 
considered is found m the Team Valley. In the following 
Table is shown the greater depths of the rock-surface beneath 
sea-level in the distnot; — 
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Riring 

Depth of niperSolal dmidte 
iMUHuth lea loTel lu fm 

Xorwood Kew Pit iTeam VUloy) 

140 

Ki'blesworth ,, ,, 

108 

Percy Mam (Northumburland) 

8.3 

Ohirton ,, 

79 

Newcastle (HigU Level) 

52 

Harton .... 

30 


These boringir appear to prove that differential earth- 
movements between the oafit and west of Durham have 
occurred since the preglocial valleys were formed. Of course, 
the moveinonlg that produced tho raised beaches and thu 
phenomena may not bo connected—although it would seem 
most probable that they wore—^in any way with one another, 
nor with the production of tho barrior before referred to. 

These ancient waterways are now filled up with deposits 
of a very varying character. The nature of these is well 
shown by the following typical borings in the district (1) 
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Blue stony clay 

78 

6 
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1 
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8 

l>ry stony clay 
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6 

Leafy clay 

2 

e 
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1 

8 
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3 

Stony clay 

2 

4 

Gravel 

1 

0 

Sand and water 

1 

11 

Leafy clay 

0 

6 

Sand 

4 

1 

Gravel 

3 

10 


188 

8 


Soft latel 



Theft© depOKitft iimy be roughly divided into two main 
parta.— 

(1) Stony Iloulder Clay 

(2) DepoKitH of Sand and Gravel, and washed-up Boulder 
clay. 

The first is an uustratificd, firm, brown clay, full of atones, 
varying in size from u few grains to severid tons Probably 
the best soctioii of it is exposed at Hendon Banks to the south 
of Sunderland The stones m it prove that, at this point at 
any rate, the agont producing it came from the direction ol 
the Cheviots (3) This clay often rests on the surface of the 
rock and covers the Magnesian Limofttone hills of the diatrict 
At Hendon there is at present exposed an interesting section 
of itfi lowest part It shows that resting on the hard surfat^e 
of the limestone is a marl of about 1 foot m thickness, con¬ 
taining numerous angular fragments of limestone, (uid passing 
gradually up into the clay This apficars to show that a 
scraping and grinding action took place l>eneath the boulder 
clay when it was being formed. The * marl and limestone ’ 
in the liurton boring is probably of the same nature us that 
at Hendon. 

It IS generally admitted that clay of this character—the 
only kind that should bo called * boulder clay “Was pro¬ 
duced during a time when England was to a great extent 
covered with loe. A geologist of Sunderland (Mr. G. W. 
Cord, A R S.M.), but now of Australia, mforins me that be 
washed a pound or two of the clay at Hendon for uucr(»- 
organisms with absolutely negative results. Only on one 
occasion is there any record of any animal romoins being 
found in it. These were a few small fragments of Cyprinu 
Islandica found in it near South Shields by Mr. Howse, but 
it is hardly possible to draw luiy detinite conclusions from 
them (4). It is also interesting to note that m a section 
recently exposed in. Castle Eden D^e by the excavations for 
the new railway from Hartlepool to Seuham, and. examined 
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bj Mr. D. M. Chapman, B So. und itiyiielf, the line of de¬ 
marcation between the northern brown boulder clay and the 
rod of the Tees Valley appeared to be in that Dena 

The lecond type of deposits may bo subdivided into two 
classes: (1) tnatenals deposited by water before, during and 
immediately after the glacial period, (2) matonalB mainly 
consisting of washings from the boulder clay and produced 
since glacial times. 

The first kind of deposits would occur in three distinct 
positions—below, in, or upon the surface of the boulder clay. 
Those below, as m the ' Wash,* can probably be accounted 
for in tlie following way Before the ice overspread the lower 
parts of Northumberland and Durham it appears certain that 
there would be many streams of water flowing along the old 
valle 3 rB and depositing in them stones, sand and sandy clay. 

Also during the period observations, which have been 
made in districts where glacial conditions prevail now, lead 
us to suppose that streams of water varying in amount with 
climate and season would flow along the bottom of the glaciers 
and thus form the beds of sand, gravel and sandy clay that 
are found intercalated with the clay 

As far as the district under consideration goes there 
appears to be no evidence of any interglacial period or 
periods, of course some of the thicker deposits of sand and 
gravel in the clay may and probably do represent times 
when the ice was melting more quickly than others, but 
whether they can in any sense bo considered as intergla¬ 
cial is very doubtful. Professor Ceikio in his ‘ Great loe Age ' 
endeavours to prove that there were at least throe inter¬ 
glacial periods, the middle one of which left marked effoots 
in Yorkshire and other parts of England, but of such we have 
in our district no certain evidence. 

The extensive spread of sand and gravel—drift—^that 
occurs resting on the boulder clay m the south of Durham 
was most probably produced during the time when the enor- 
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moufl accumulations of loo and snow were melting at the 
end of the Ice Age. 

We now puss on to consider the deposits formed since the 
end of the glacial period. In the formation of these the 
sea hna played a considerable part Some geologists accept 
that during the glacial period nearly the whole of the 
British Isles were submerged beneath the sea; Howse in a 
paper on the ‘ Glaciation of tho Counties of Northumberland 
and Durham ’ (4) suggosta the submergence of the whole of 
the North of England excepting the Cheviots and Pennines, 
but Pr<►feasor Tjebour states m his ‘Geology of Northumberland 
and Durham ’ (5) that there is nothing to prave that the upper 
drift gravels and sands of these counties were produced by 
marine agency—if they liave been a aubmcrgence of some 
500 feet would be necessary to account for them. 

We have, however, certain evidenco of one change of level 
since tho period of glaciation ended. It is that indicated 
by the raised beaches of Cleadon and Fulwell ITills (see Sec¬ 
tion 1). An old sea booch can be traced almost completely 
round Cleadon Hills at levels between 100 and 150 feet, and 
an old sea-<*liff occurs at the latter height (G) 

On Fulwell Hill a much better exposure of the same 
feature ocemrs (7) In the quarries on this hill a deposit of 
sand and grav^ with washings of boulder clay occurs running 
up to an old searcliff at a level of about 150 feet. The stones 
occurring m it are those common to the boulder clay, only 
a greater proportion of Magnesian Limestone ones ore present. 
Several fragments of Cypnna Islandioa and many rolled 
dints have been found in this deposit. The oocurrenoe of the 
latter is rather a problem in local geology. They may be 
os suggested by Mr. Howte washed up from a deposit on 
Trow Rocks, which that geologist considers to be ice-borne 
drift from Scandinavia. The nearest places where flints 
cccur are Flamborough Head, North of Ireland, Denmark 
and Aberdeen. It is difficult to see how they can have come 
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from any of theee places. When flints aro found m any 
district^ they must have been, as fur as we know, carried to 
that place by some a^^enoy, as ico or aourweed, or they 
mif^ht prove the former- extension of the chalk over that 
area, or lastly be brought by man. The first method seems 
to bo the moat acceptable of these m the present case 

During the time that the sea was washing against the old 
cliffs all the land in the East of Durliam must havu been 
Bubiuerged beneath the sea, and much of the boulder clay 
that covered the slopes of the hills and valleys would be 
wtishod up, the niatenals composing it being reassorted and 
redeposited. In this way much of tho true boulder clay 
must have been denuded. To this period is, therefore^ pro¬ 
bably to be referred tho clay that occurs above the true 
boulder clay in tho valleys of Jarrow imd Gleadon. It 
contams few stones, has a tendency to prismatic jointing, 
and is of a bluish colour. It is tho brick clay of the district, 
and was very probably formed durmg the period of sub- 
m^rgencoB. Also to the samo period are to bo referred the 
beds of sand and gravel and sandy clay so frequently met 
with in Sunderland, resting on the boulder clay, and those 
that occur along tho coast from Hendon to Castle Eden. 

Since glacial tunes, as we have bt^ore indicated, the 
present course of the River Wear, in its lower reaches at 
least, has in all probability been cut. It haa at Fmchale 
and elsea here denuded the Coal-measures; while leaving the 
valley of the Wash, down which the pre-glacial drainage of 
that area flowed, it has cut its a ay across into tho Jarrow 
valley, and then, after flowing across it, has carved a way 
for itself through the boulder clay and Magnesian Limestone 
to the sea at Sunderland ; and the Tyne, flowing much above 
the level of its old course, has had to cut for itself a course 
since the ico retreated from the lower levels to the Cheviots 
nud Penuinet, and then gradually faded away. The Tyne, 
however, probably flows much more m the direction of its 
old course than the Wear. 
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Finallj, takini? the aocieot and the present y$llejn of the 
diatrict inte conBideration, together with the deposits that 
ooour in them, and on the slopes of the Talleys surrounding 
them, there appears to be little that cannot be given a 
fairly satisfactory explanation from the standpoint of 
present-day geological theory, while a few phenomena 
apparenUy lend considwable support thereto Theory, how¬ 
ever, must always be subservient to fact, and it is quite 
possible that a different explanation might be given to some 
of the phononiena discussed m this paper 
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’ “On a portion of a Raised Beach on the Fulwell Hills near 
Sunderland.** By D. Woolocott. N€Uur€U Ilutory Tranaactum* oj 
NorihumberUuui, Durham, and NtvoeaatU-on-Tynt, vol xuL pt. 2. 

* See '* Geological Map of Sunderland.’* Annual Report of Iltalih 
and Sanitary Condition of Svndertand.'' By Dr. Sonrffeld. 
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On the P rodu ctiok o f Oxalic Acid 
BY Bacteria. 

By Professor M. C. Pottkb, M.A. 

[Read Maroh U%, 1900.] 

Oxalic acid, a well known product of metabolism of the 
higher plants and some fungi, has hitherto not been observed 
to be produced by bacteria. An account wua given of some 
experimentj showing that oxalic acid was formed by at least 
one bacterium {Pttendomona* dfittrufiafM Potter) when grow¬ 
ing in sugar containing solutions such as the expressed cell-sap 
of turnips. Small pieces of turnip steamed until soft in the 
presence of an excoss of calcium carbonate yielded a solution 
free from oxalic acid, when however, the solution was steri¬ 
lised and inoculated with a pure culture P. dr^frudatut, 
under sterile conditions, it was found, on addition of calcium 
chloride, to give a procipitUite of calcium oxalate in the 
presence of acetic acid The calcium precipitate when mixed 
with manganese dioxide and treated with sulphoric acid 
jrielded carbonic acid, which furnished a further confirmatory 
test of the presence of oxalic acid 

Similar testa showed that P, destruetans also seta up an 
oxalic fermentation in Pasteur’s solution containing cane 
sugar 

In a former paper it was shown that P. desiructatu lives 
as a parasite on the turnip roots producing a eytase which de¬ 
stroys the oell-walL It was now proved that this sohizomy- 
eeie also sets up an ozalio fermentation, and that the oxalic 
acid acts as a powerful toxin m killing the protoplasm of the 
host>plant. Three series of testrtubes with about 10 c.c. 
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of a PoBteut’g aolution, in which a pure pultur© of P, destruc- 
iafi% had been introduced, were prepared. To the first senes 
sufficient calcium carbonate was added to neutralise the 
oxalic acid. The first and second senes were then stenhscd 
by discontinuous boiling, and when cool sterile sections of 
turnip were introduced. In the first series the cells remained 
quite normal after twenty-four hours. In the second senes 
the protoplasm was dead, faintly brown, and had conlmctod 
from the cell-wall. In the third senes of test-tubes the 
oxalic acid was not neutralised nor the cytase destroyed by 
boiling, and in this case the cells exhibited, after the sauio 
interval of time, very plainly the conibiiied action of the 
cytase and toxin. The coil-walls showed complete dissooia- 
tion, and the protoplasm was strongly contracted. 

It was further argued that the calcium pectate of the 
middle lamella would neutralise the oxalic acid produced by 
the bacteria, and thus enable them to continue their exist¬ 
ence and so pass on from cell to cell. 

The production of a cytase and toxin by bneteria and 
their entrance by this ineiuin into living plant tissues estab¬ 
lishes the existence of bacterial diseases of plants precisely 
homologous, in thoso resjiects, to those of some of the higher 
fungi 
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Robeht Harlky. 

By Wai,tkb 'Kkbwbic Lobd, B.A 
[Abstract of a paper read May 17th, 1900 ] 

The examination of the oaroor of Uobert Harley in the 
light of the most recent coinpariBon of available authorities 
uu tho periml of Queen Anne has materially altered the 
perspective m which %e have been accustomed to view the 
leading characters of the reign. It has become abundantly 
clear that the coup tTrtat of 1710, hitherto supposed to have 
been the work of Harley was really a long-prepared measure 
of the Queen. Its object (kept steadily in view, smce the en¬ 
forced dismissal of Harley m 170K, and perhaps from a date 
even earlier) was to nd the Queen of the tyranny of the Whig 
junto Harley succeeded to high office in tho natural course 
of events, but exercised practically no control over 
political affairs owing to his indolence, his mtompwance, and 
his genuine unfitness for dealing with matters of high policy. 
Nevertheless, between tho years 1710 and 1714, the Treaty 
of Utrecht was negotiated und concluded. This Treaty, so 
often blamed os an abimdomnent of the favourable position 
securod for England by the suci^sful conduct of the war, 
is rather to be regarded as an extraordinary performance of 
St. John’s. Inasmuch us Harley was incapable of conducting 
business, the duty fell to St. John. For the same reason, 
open courses were abandoned, and tho Treaty was conducted 
to an issue by means of secret agents. The employ¬ 
ment of such agencies might be blameworthy m ordinary 
circumstances, but could hardly be said to be so in the years 
1710-1714 Durmg these years there was practically no 
other means of getting work done; and the statement made 
by St John and accepted by R4musat that from the autumn 
of 1713 there was practically no such thing in existence as 
the British government has been found to be substantially 
•correct. 
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Kaioer 0 it 9 of Jlttr^am p^ilosoiiliirol Socirtp 

(Austbactki) from the Minutbs). 


November and. 1899. 

(At the Ck>i4ii>GC or Science, Pkinoipal Gvhnet in the Cuaik.) 
The Trcasorer read his report, which showed that the 
fintiuciai position of the Society was satisfactory. 

The followinjc officers were elected for the session 1899* 

1900 

i*reH*tU nt 

The Very Rkv. The Warden 


PaOTltSHOR P. PhILL 11*S BsDtiON, M.A., D.Sc. 
Proje^b H. P OiTRSEY, M.A , 1) C.L. 

F. B. Jkvons, M.A , V, Litt. 

A. L Pebcjvai., M a , M.l>. 

ProkehaorO H Piifr.rrsoN, M A , M D., D.C.L. 
Hev. H. B. 'Phisthah, M.A., D.D., F.R.S. 


CwnmUfft 


J T. Mkrtz, Ph.D., D.O.Lf. 
PBOfBSBOB G. S. Bbadt, M.D , 
D.Ko., FR.8. 

PRorEHStJR R. A Sampson, M.A. 

Chairman {Sedion .1) 
(.Sfec(»o» fi) 


Robert A. Bolam, M.D. 
Fboyessob K, Howdrn, M.D 
Mihs Smith, B So 

pRorstwetR H. Stroud, D.So 
Prokksaub Potteb 


Jlott, i^^mtarien 

V, C. Gabbett, M.So. (Coll. So) 

G. Mack (ColL Med.) 

See., 8ea%0H A . T Bakkb, B.Sc. Sec,, Seeikm B G Pom, B.Sc. 
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The following candidatioe were olecled memlwrs of tlie 
Society: — 

H. E. Wait. , T K. Hodgkin, O, Poms, B 80 

Profe&Bor l^oaiB read a paper on * The Blow Gan as uaed by 
tlie Aboriginal Tribca in the Malay PenlnBula.' 

Professor Potter gave auaccount of the curioufl old Javanese 
fable of the Upaa tree, and deaonbed ita true poiflononsqaalitie«i 
as shown by actual expenment 


N " -ember 30th, 189^9^ 

<AT THl COLtiKOK O' dlKNOfC, PBOFSSSOR PoTTBB IN THE CHATB.) 

The following candidate woa elected a mombor of the 
Society 

IVofcttBor Middleton 

Mr. L. B. Hodgkin read a paper on ‘Some of the 'ITieories 
of Prefonnation and Epigensis.' 


December iglh, 1899- 

Ohexioai. and Puybtoal Sbction, 

(At thk Collkob or Hoiknpk, Profbbsor in tub <'haib.) 

The following caud dates were elected meml^ra of the 
Society t — 

Meesra. Woou and UonsoN. 

Dr. Porcival read a pti[.cr on ‘ Certain colour phenomena 
cansed by intermittent stimulation with white light/ 

Mr. S. H. Collins exhibited a soriea of photographs of 
Indian Cattle. 


January 18th, 1900. 

(At thb CouaoB or Soienck, PHorxMSOB Loris in thx Cuaib.') 

Dr. Lyle was elected a member of the Society. 

Professor Lobonr read a paper on ‘ The Pleasures of Boring,’ 
illustrating what he had to say by the aid of lantern and slides. 
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January 35th, 1900. 

*(At TUR COTJiEni OP MkDIOTXE, I^KEftHOE POTTHl IN THE ChAIR.) 
^BlOIiOGirAL SKCriON. 


Professor Howden exhibited a series of micro-photoKiaphs 
Illustrative of the Maturation, Fertilization, and Bej^mentation 
in FIchinns EscnlentuB 

Mr. Garrett read a paper entitled * Animal Life without 
Bacteria.* 

Dr Bolam exhibited and explained, the mechanism and use 
*of sundry plnsiological iiisbrumeiits cent invention. 


February 9th, 1900. 

Ohemioal and Physical Skction. 

» 

(At THB CoLLBiiK OP SciESCB PkOPBHSOR STROri) IN THK OHIIR.) 

Mr. W Prewen liord was electeil a member of the Society 
Professor Stroud r&id a pa^ er on ‘ Wireless Telegraphy and 
the Electric discharge/ illustrating his remarks by the aid of 
lantern slides, and some very interesting experiments with the 
Armstrong-Wimsburst machine. 


March latt 1900. 

BlOfiOOlOAL Skotiok. 

•(At THK COLLKOR OP SCIKNOE, PaOPKSBOB PoTTKB IN TUK CnAtR.) 

Mr. U. B. Qreig was elected a member of the l^ocioby. 

Mr. Woolaoott read a paper on ‘ The Bonlder Clay, Raised 
Beaches, and Associated Phenomena in the East of Dnrhatn,’ 
He illustrated his paper with diagrams, lantern slides and 
specimenSi 

Professor Potter exhibited various Intumescences on the 
roots of turnips, and then read a paper on *Au uudescribed 
Phoma disease of the Swede.' 
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The author doKcribed a fungoid attack of the Swede crop» 
noted especially at the Northumberland County Oouncirs 
Experimental Farm at Cockle Park and in other districtB in 
Northumberland. The chief characteristics of the attack wei'e 
the large fisaures in the root surrounded by a discoloured edge 
on which numerous pyenidia were to be observed. The spores 
were successfully cultivated, and the disclose induced with the 
subsequent production of pyenidia and spores m sound roots. 
A full account has t)ecn published in the Journal of the Board 
of Agriculture, March, 1899. 


March i6th, 1900. 

OUBMIUAL AND PhTHICAL SfCTXON. 

(At the Colleob op Scirec b, pKOFkSSOR SnujCD iv the Chair. ) 

Mr. Shaw read a paper on * 'I'he Structure of Metals' and 
exhibited many magnificent micro-photographs bearing upon 
the subject. 


May 17th 1900. 


(At Univbbsitt ('oli.kon, 1)r. Pixmmxb iir the Chair.) 

Mr. Walter Frowen I^ord read a paper on * Robert Harley/ 
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RULES OF THE SOCIETY. 


(RkVISKO to DkOKHBKB IHT, 1900.) 

Naiik. 

L^The Society shall be called the Univkrhity ok 
Durham PniLosoPHroAi. Sooirty. *' 

0BJH0T8. 

IL—Theobjot'ts of the Society shall be (a) the promction of 
research; {b) the cotnmunicatiou and diacnssion of facts and 
ideas bearing upon scientific and philosophic questions ; (r) the 
exhibition of specimens, apparatus, and books; and (//) 
friendly intercourse l^otween woikers in different fields 

Manaovmrnt. 

[II — The business of the Society shall be managed by a 
Committee elected at the meeting in the month of November, 
oonsiatiug of the officers, sectiona] officers, and six otbiT 
Members of whom three at least shall bo re-elected each year 

Offickim. 

IV-'-The officers of the Society shall be a President, six 
Vice-Presidents, an Editor, and two Secretaries (one of whom 
shall also act as Treasurer). The President and Vice- 
Presidents shall be elected annually, but not more than four 
of the Vice-Presidents shall be re-elected in each year; the 
Secretaries shall be appointed for two years, but one of them 
shall retire m each year. All elections shall be by ballot All 
officers shall be eligible for re-election. 



Mkmbkbbhip. 


Y.—All pnsb and prenent stodenta fa the Colleges of the 
Univoreity, all paafc and present members of the University, 
and of the College BtuSs and Councils shall bo eligible for 
membership of tho Society* Candidates for election mnst be 
nominated in writing by two Afombers of the Society, and 
their nominations mnsb bo in the Secrobaries* hands at least 
three days before the meeting of the Society at which tliey 
are to be proposed. Hloctions shall be by liallot, and a 
candidate shall not be elected unless iit least three-fourths of 
the votes given are in his or her favour. 

Mkrtinos. 

VI. —^The Committee shall decide the place and time of 
each meeting, but in the conrse of the year one meeting at 
least shall be held in Newcastle, and one at least in Durham 
The usual hour of the meeting shall be 7 p.m., and the nsual 
day the First Thursday in November, Dccemlier, February, 
March, May, and June. It shall bo the duty of the Socretaries 
to send each Member a written notice three days liefore each 
mooting. 

SOBSOEIPTIOV. 

VII. —Each Member shall pay an annual subecripti<m of 
Five Shillings. Members whose subscription for the current 
year are unpaid shall not l»e entitled to reauve copies of the 
Society's Publications, and those whose snbsciiption are two 
years in arrears may be stmek off the List of Afembers bgr the 
Treasurer. 

VlSXTOBB. 

Ylll.—^^embeiB shall have the privilege of introducing 
friends. 
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